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Foreword 


There have been, in the history of civilization, important mi- 
lestones without which it would be impossible to reconstruct the 
road travelled by mankind in its development. A long, long way 
back, perhaps many thousand years ago, our forefathers learned 
how to obtain fire. Then man learned how to raise livestock, to 
grow cereals and, in making another big leap forward, how to 
turn ores into metals. 

The mastery of metallurgy, the art of extracting, smelting, and 
working metals, has been a significant landmark in man’s bio- 
graphy, probably standing on a par with the taming of fire and 
the advent of livestock breeding and farming. It is metallurgy, 
which came into being, as archaeological excavations witness, 
somewhere in the seventh millenium before our times and falls 
therefore among the most ancient fields of man’s endeavour, that 
gave powerful impetus to the growth of productive forces and 
supplied man with the metals vitally essential for the growth of 
material culture. It is no coincidence that the key periods in 
man’s history are now referred to by the name of the metal pre- 
dominant at a particular time, such as the Copper Age, the Bron- 
ze Age, and the Iron Age. 

Since it became a fact of life, metallurgy has until now tra- 
velled a long, eventful and intriguing road from the charcoal of 
camp fires and simple hearths in which ores were turned, at the 
dawn of civilization, into balls of metal, to present-day mammoth 
iron and steel plants where the traditional fuel-fired furnaces 
are operating hand in hand with huge electroslag, electron-beam 
and plasma units in making high-quality metals. 

This road many centuries long is described in the book you 


, he has been 
d many interesting and important 
ory of metal making in general, the 
and processes, the many-century 
th scientific thought, and daring 
the future. In a happy way, the 
with facts from documents and 
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Scientific publications. Apart from letting the reader feel the 
spirit and colour of those days, the book offers an opportunity to 
look at the events through the eyes of those who have built the 
history of metallurgy. 

The reader will have learned about millenia of quests and finds, 
major discoveries made by scientists and surprising feats perform- 
ed by engineers, the plant and processes used or to be used to 
make metals in the past, present and future. Much as in actual 
life there has always been someone next to whatever it may be— 
the primitive hearth or the huge state-of-the-art blast furnace, so 
in the book the plant and processes are inseparable from those 
who have served the metal-making profession: P.P. Anosov, 
D.K. Chernov, H. Bessemer, P. Martin, M.K. Kurako, I.P. Bar- 
din, and many others, both known and unknown metal-makers. 

The book is not without some degree of bias—emphasis is pla- 
ced on the contributions made by Soviet metallurgists. For one 
thing, they are less known to the reader outside the Soviet Union. 
For another, they too have won renown 1n metal-making practice 
throughout the world. Among the most important scientific and 
technological achievements that have been speeding up progress 
in metal-making, instrumentation, and other key fields of eco- 
nomy are various refining processes, powder and spray metallur- 
gy, and direct reduction of ore. All of these highlights in Soviet 
and world metallurgical practice are covered in the book in par- 


ticu i 
m end the 20th century bases itself on the latest advan- 

ces in physics, chemistry, and physical chemistry. In turn, there 
are many spin-offs from metal-making: progress in these and, 
indeed, any other sciences would have been impossible without 
the various materials possessing a broad gamut of truly amazing 
Properties, and these materials come from metallurgy, one of the 
most ancient, the most advanced, and the most promising of 
man's arts. 

A.F. Belov, 

Fellow, USSR Academy of 


Sciences 


Stone Loses Ground 


(In Lieu of a Prologue) 


Iron Hunger? — The "Pretty Messy" Picture — The Day and the Wink — Well 
Before Pithecanthropus — In the Jungle of New Guinea — From James Cook's 
Diary 


In 1910, an International Geological Congress was held in 
Stockholm. Among the issues it was to deal with was iron hunger. 
An authoritative commission set up for the purpose turned in a 
balance sheet of the world's reserves of the metal. Top-ranking 
experts believed iron-ore deposits would completely be depleted 
in sixty years, that is, by 1970. 

Fortunately enough, the savants have proved poor oracles, 
and even,today man need not limit his iron consumption. 

But what would happen, if the gloomy prediction had fulfil- 
led and the iron ore deposits had been depleted? And, indeed, what 
would happen if all of iron vanished altogether and not a single 
gram of this element were left on our home planet? 

*...The horror of destruction would then reign in the streets: 
no rails, no railway cars, no locomotives, no automobiles. Even 
the cobblestone would turn into clayish dust, and the plants 
would wither without this life-giving metal. As a hurricane, des- 
truction would sweep the face of the Earth, and the death of man- 
kind would be unavoidable". 

This 'pretty messy' picture is drawn by A.E. Fersman, Fellow 
of the USSR Academy of Sciences, in his book in order to show 
how vitally important iron is in our lives. 

There is no denying—human society would be unable to exist 
without iron which accounts for about ninety-five percent of all 
metals produced in the world. Throughout the centuries iron has 
been playing the role of the chief metal of construction. But 
what would happen if other metals vanished from use? Although 
they are made and used on a far more modest scale, the world 
deprived of aluminium, copper, zinc, lead, titanium, magnesium, 
nickel, chromium, tungsten, molybdenum, tin, and silver would 
look not a bit more cheerful than in Fersman's book. 

Indeed, aviation and civil engineering today are unthinkable 
without aluminum. Without copper, electrical engineering would 
have all but to close down its activities. Devoid of chromium 
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and nickel, stainless steel would fall an easy pr i 
out tungsten, there would be no other way io sue ni 
millions of electric bulbs. We needn't go on with this sad inven- 
tory of changes, though, because every metal performs its 'perso- 
nal Services for present-day technology. 
» Curiously enough, there have been many who didn't share this, 
would seem, obvious point of view. During the Middle Ages, 
dpa duy few of those who claimed to be scholars maintained that 
bees als were of no use to man and one oughtn't therefore to rum- 
E - in the Earth’s sacred entrails in search of ores. In his retort 
RE self-styled experts, Georg Agricola, a prominent German 
es er who lived in the 16th century, the author of many works 
p dudum) including his fundamental book "On Mining and 
al Making" which saw the light of day in 1556, wrote: 'Man 
cannot manage without metals... If there were no metals, people 
would be dragging a most loathsome and miserable life among 
wild beasts. They would revert to acorns, wild apples and pears, 
grass and roots; they would have to dig out shelters with their 


nails for the night, and would be roaming in the woods and fields 
life would be utterly 


like beasts in the daytime. Since this way of 
Nature could confer 


degrading to man's intellect, the best gift 
foolish and stubborn as to deny 


upon him, could anyone be so 
that metals are indispensable in providing food and clothes and 
that they generally serve to sustain human life?" 

Mihail V. Lomonosov was of an equally high opinion of the 


Part that metals play in man's life. As he wrote in his book, 
A Word on the Usability of Chemistry": “Metals give strength 
8nd beauty to the things of importance to society. We use them 
In defence against an enemy, they go to hold together ships so 

ey can stand up to storms and ply the high seas. Metals are 


Used to plough the soil and to make it fertile. Metals are used to 
pus imals which go to feed us. In short, there 


‘rap land ine ani 
I$ not a Soca g craft which could do without metals.” Me- 
tallurgy he adds, “is the source of all internal wealth”. 
That's true every bit—our life is unthinkable without metals. 
nce the Stone Age relegated its powers to the Copper Age, metals 
ave faithfully been serving man, helping. him to build and 
Create, to tame the elements, to unravel Nature s secrets, and to 
?vise remarkable machines and mechanisms. None the less, the 
only materials that our prehistoric forebearers knew for about 
Uwo milli ere stone, wood, bone, shells, and clay, and 
n nen /hen was it that 


S : i idea about metals. W 
Y hadn't the slightest ! oe 


man m i o 
ade cquaintance D 1 j j 
S Pda believe today, this happened just a few millenia 
ago. If w to count the time that has passed since the start 
o agrego ll find that man has 


of the Stone Age to our times as a day, we Wi 
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been dealing with copper, gold, iron and other long known metals 
for only afew past minutes (and just a few instants in the case of 
many of the metals discovered recently). It is during these ‘mi- 
nutes’ that our civilization has been created and has achieved its 
summits. It is these ‘minutes’ that encompass all of man’s his- 
torically observable biography. 

It must be admitted, though, that some literary sources mention 
amazing facts which (if they had been authentic) might confirm 
that our civilization has forerunners which had reached a high 
level of development in material culture before they disappeared 
from the face of the world. It is alledged, among other things, 
that when, in the 16th century, the Spaniards landed in South 
America, they found an iron nail about ten centimetres long in a 
silver mine in Peru. The find would have hardly brought about 
any interest but for one circumstance: for a great part of its 
length the nail was firmly cemented in a piece of rock, and this 
could mean only one thing: it had been lying there for tens of 
millenia. At one time the mysterious nail was, it is maintained, 
kept in the office of Fransisco de Toledo, the Peruvian Vice Roy, 
who made it a habit to show the thing to his visitors. 

Other similar finds have also been reported. One is a seemingly 
worked iron meteorite discovered in Tertiary coal seams in Au- 
stralia. But how could it be possibly worked in days tens of mil- 
lions of years remote from our times? For even such a fossil ‘old- 
timer’ as Pithecanthropus lived much later—just five hundred 
thousand years ago. 

Another report about a metal object found in a colliery in Scot- 
land was carried by a special journal, ‘Scotish History Society 
Publications’. There is one more find of what we might say ‘mi- 
ne’ origin: it was a golden chain allegedly found in a coal seam in 
1891. Only Nature could have been able to encase the chain in a 
lump of coal, and this could happen only when coal was just 
being formed. 

But where are all of these finds—the nail, the meteorite, and 


the chain? For present-day techniques of dating and analysis 
would be able to tell us a good deal about their 


e l origin and age, 
thus unravelling their mystery. . E à 

, Unfortunately, nobody knows today where they are. But again, 
did they ever exist? 


Since the previous civilizations have not left other, more con- 
vincing proofs, let’s go back to our time which, too, offers quite a 
few occasions for meditation and amazement. For isn’t it amaz- 
ing that some tribes are still living in a Stone Age environment 
at the end of the 20th century when the Copper Age, the Bronze 
Age and, indeed, the Iron Age seem all to have moved into the 
past? Man today is well equipped to probe deeper and deeper into 
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the hard-to-reach regions of Africa, South America, and the mul- 
titude of islands scattered in the oceans. Quite often the explorers 
run into archaic communities which seem to have migrated from 
other, long passed times into our days. 

Quite recently, West German ethnographers ran into the 
Batusuns, a tribe untouched by civilization, in the swampy 
jungle of eastern New Guinea. The natives didn't seem to know 
either iron or other metals and used stone axes and other tools and 
utencils made of stone and wood. When the ethnographers showed 
the natives several broad, heavy knives, known as machetes in 
Latin America and the West Indies, the Batusuns touched the 
Sharp blades and, wonder-struck, clicked their tongues in an 


appreciation of the strange, unknown weapons. A 
f the past, too, told of their encounters 


Many famous travellers o € 
with ‘other-timers’. When he first stepped on the soil of the hith- 
erto unknown America, Christopher Columbus was surprised a 
good deal when he learned that some inhabitants of the newly 
discovered continent didn't know iron. "They do not know or 
Wear weapons. When I showed them my sword, they caught at 
the blade and, through ignorance, cut their fingers. They have 
got no iron. Their darts and clubs are without iron. For arrow- 

ther materials". 


heads, they use either fish teeth 0 Tn te the diaries of Jam 
It is i ing, in this respect, to turn to the diaries O° «muss 
15 inkeresumg,. 2 4 itury English navigator. They 


Cook, the distinguished 18th-cen } ; 
carry quite a d of stories about the natives of Polynesia— 
the islands of the Pacific. They were quick in realizing the value 
of iron when they first saw it. As Cook recalls in his diaries, 

—it was always the 


nothin visitors SO much as iron Á 
most p n the most valuable merchandise. One day, 


, : i] for a whole hog. On another 
ook’s sailors exchanged a rusty nail 3 
occasion, the TET gave the sailors so much fish for a few old 


an : crew ate it for several days. Because of 
p useless Wings Gus ex the matters on board the ship made a 


nail i hings, ^ i 
D M: next My would the sailors pe c maie vides 
the von made an attempt to steal an anchor so 
en y cona, but they A ako new nails. Cook was forced to take 
Strict mu I5 issued an order threatening with a ge oi 
nishment to any one who would try and steal any iron irom the 
shi 7 T, 
ue m prising ppened Te b ee Si pan "x 
land Ww ora: SUE his sailors landed there, they gave a hanc- 
. When Cook and his i 
ul of iron nails as a Pre t have never seen Lovin ds Hn 
1e natives, however: mus d the nails round and round 


ef Hi led, they turne ran 
in their deus othing came out of an attempt to explain what 


the nails were for. 
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Help came from the supreme priest apparently held in high 
esteem as an expert on any issues. Taking upon himself an impos- 
ing air, he uttered something wise, and his tribesmen buried the 
nails in the ground. Now it was the guests’ turn to show surprise. 
On seeing their bewilderment, the natives explained with their 
fingers and other signs that the iron sticks planted in the ground 
would soon grow into trees hung with bundles of nails like bana- 
nas. The islanders intended to reap a bumper crop of metal fruit 
and to vanquish all enemies with iron’s help. 

During the many centuries of his history man has learned how 
to mine, smelt, and work many metals, among them iron, the 
chief metal of present times, which has given the name of Iron 


Age to the most significant and productive period in the develop- 
ment of human society. 


The Deeds of Bygone Days 


The Gifts of the Anatolian Hills 


As If From a Horn of Plenty—The Venerable Age of Chatal Hüyük— 
A Turn of Good Luck — Masterpieces of the Ancient Jeweler — One More 
Surprise — Five Centuries Older 


In 1951-52, the British archaeologist James Mellart was busy 
with his excavations in the Anatolian Plateau, Turkey. The finds 
were few and far between, and the scholar felt it was time to stop 
his search. Indeed, man had settled in the region in a recent past 
(by historical standard, of course), as students of ancient history 
Maintained, and there was not much sense in going on with the 
excavation. 

When he was leaving Anatolia, Mellart didn’t know if he would 
ever come back there. Sure enough, he hadn’t the slightest ink- 
ling that he was destined to make, just a few years later, a 
ld be hailed as a sensation in the world’s 
ty. But time and again he would see in 
his mind’s eye the large twin hills in the valley of the river Ko- 

for them. There was something that 
would drive his thoughts back to the twin hills—that's what 
Turkish—towering amidst the salt 


First the archaeologists ran into traces of adobe houses, stone 
artifacts, and animal then they came upon farming imp- 
lements re of wheat and barley, peas, and grape pips. Ev- 
erything told them there must have been homes of ancient tillers 
and cattle breeders. But from what time? l 

As radiocarbon dating showed, the settlement had existed some- 
where between 6500 and 5700 B.C., or eight and a half millenia 

efore. So venerable an age couldn't but stimulate immense inte- 
rest in this remainder of the neolitic times. 
In 1961 Mellart began systematic excavations, and a turn of 
good luck wasn't slow in coming, more than offsetting his fruitless 
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search of ten years before. He found rather well preserved huts, 
hearths, poles that once supported roofs, and utencils. Chatal 
Hüyük was no less lavish in pieces of ancient art, such as multi- 
colour wall frescos, bas-reliefs, elegant figurines, and ceramic 
ware. 

But most valuable to any archaeologist were the small copper 
things found in one of the lowest (and therefore the most ancient) 
strata of the excavation: copper awls and tiny beads and tubes 
used to add beauty to women’s clothes. 

What was so valuable in those uncomely pieces of copper, tar- 
nished and green from time? 

The point was that they were made of copper—known (at the 
time) to be the oldest metal used by man. 

At first Mellart thought it was lead, but when the finds were 
analysed, the verdict was ‘copper’. It was quite reasonable to 
think (as Mellart did), that the copper once used by the ancient 
inhabitants as a material for their artifacts was native—that is, 
one occurring as such in nature. But Chatal Hiiyiik had one more 
surprise in stock for archaeologists and historians of metallur- 
gy: the workers who did the digging found a lump of copper- 
smelting slag in the same lowermost strata. Obviously, Chatal 
Hiiyiik’s artisans had known not only how to work native copper 
but also how to smelt the metal from ore. 

The discovery was of utmost importance to archaeologists and 
historians. 

Although a party of American and Turkish archaeologists work- 
ing in the upper reaches of the river Tigris not far away from 
the Konya valley soon after Mellart’s discovery found the remains 
of an ancient settlement with traces of copper and copper ore 
about five centuries older than the one at Chatal Hüyük, it is 
these twin hills on the Anatolian Plateau that have rolled back 
by nearly three millenia the presumed time boundary for the 
origin of metallurgy on the Earth, and have come down into 
the history of archaeology as one of its brilliant pages, 


Bronze Takes Over From Copper 


The Find Near the Great 
Pharaoh's Favorite Kettle — The Sun Has Spots 
Tin— ‘Copper from Brundizium' — The Picture 

Everything in Its Time 


Lakes — Advantages Present Themselves — The 


Too — In Partnership with 
on fhe Tomb's Wall— 


Before they learned how to extract metals from ores, our 
forebearers im most regions of the ancient world used lumps 
of native metal picked from the surface of the ground. Nature 
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was not stingy about such ‘presents’, and they were sometimes 
quite large in size. We know, for example, of gold nuggets as 
heavy as a hundred kilograms and of lumps of silver tipping the 
scales at several tons. Lumps of native copper were especially 
big in size. In the mid-19th century, for example, a cluster of 
larger copper nuggets weighing about four hundred tons was 
found near the Great Lakes in North America. Their faces still 
bore the traces of stone axes with which man way back in the 
neolithic time chopped off pieces of copper for his needs. 

And the need for copper was great indeed. The advantages 
that copper had over stone as a material for weapons, tools and 
utencils were so obvious that the ancient tiller, cattle-breeder or 
hunter could not but notice this. The metal had many good 
things about it: it could readily be worked to any shape, flatten- 


ed, pointed, and holed. 


Copper, it seems, was the first metal to begin ousting stone. 


t first, man made it into small things such as arrowheads, direct 
from the nuggets he had happened to find. Before long, however, 
man may have noticed that when hammered cold the copper 
Piece would become harder and stronger, but when held over a 
ire it would become soft, malle ats "s bes uM of cop 

i iring skills 1n - 
Time passed. Gradueily pru f ncy to which the copper 


Der, man reached noticeable proficien 
things made by ancient artisans are à witness. One of them is the 


arge k f hammered copper sheet and found in the 
fnm eye s pharaoh who lived somewhere in the mid-3rd 


millenium B.C. ` 
ollowing ai man learned how to melt copper and to cast it 
into simple shapes. Although the most ancient of the castings 
nown istori an axe cast into an open mould, is nearly 
Six millenia old, man must have learned the true art of casting 
alter a ‘course of instruction’ in the hot working of metal. 
he advantages that copper had as a material were undeniable, 
but even the roe has spots. One such spot' for copper was its 
relatively low strength: copper knives, axes and other ig en 
and tob would become blunt before long and had to e re- 
Worked. That was the reason why stone remane man s 
reliable helper and went on competing with copper for a tong 
time, p 
,Belore it could oust sto 
ure, copper had had to enter 
tin. An alloy of copper with tin, 


ne from this segment of material cul- 
ter into alliance with another metal, 
known as bronze, outperformed 
£0 . jt was harder and stronger, less apt to 
ed d on many counte P of it was springier p sharper. ee 
top of ‘that it melted at a lower temperature than coppi i 
filled a mould better, and gained more strength when hammere 


16 The Deeds of Bygone Days 


cold. Now the days of the relatively short Stone Age were coun- 
ted, and it gave way to the reign of the Bronze Age on our planet. 

Man first made bronze somewhere in the 4th millenium B.C., it 
seems: that’s how archaeologists date the earliest bronze weapons 
and tools found in Iran, Turkey and Mesopotamia. But the alloy 
was named ‘bronze’ much later. That’s how it may have happened. 

One of the oldest seaports of Italy, Brindisi was in ancient 
times (when it was called Brundisium) the terminal point of the 
Appian Way, a magnificent highway extending from Rome, over 
which the copper produced at various mi 


; it would carry some amount of tin; 
when smelted, the two metals would p 


per from Brundisium turned into bronze which spread over the 
face of the ancient world before long. , 
It may be added, though, that some metals, other than tin, 
such as lead, arsenic, antimony, aluminium, beryllium and 
chromium, when added to copper also improve its properties. 


But of all the likely copper-base alloys, tin bronze is most widely 
known. 


(apparently, slaves because they are watched by a slave driver 
with stick in hand) are carrying a charge of metal to a hearth 
where it is to be melted. We can clearl 
charcoal, and the basket in which it i 


armed with a poker—the three k 


aglow. Using rods, two more men are seen pulling a crucible hold- 
ing molten bronze from the hearth and carrying it to a mould. 
The ancient artist added a ‘legend’ to his picture: the hieroglyphs 
say that the picture shows the casting of large bronze doors for a 
temple and that the metal had been brought in from Syria on 
the Pharaoh’s order. 


Before long bronze f. 


only made into weapons and tools, but also cast into statues and 
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turned into pieces of art and decorations. The Bronze Age made 
an extremely valuable contribution to the progress of material 
culture. However, bronze too was destined to gradually give 
Way to another metal—iron which claimed, and quite justly at 
that, the role of the chief metal of civilization. 


The Metal From the Sky 


Why Is It So Scarce? — The Giant from Africa — From Cape York to New 

York—The Crater in Arizona — Miscalculation of French Academicians — 

The Pallas Iron — The Necklace from Egypt — Taking the Place of the Bronze 
Age 


Historians class iron among the first metals to have been found 
by man in native state. However, while copper, gold, and silver 
are a fairly frequent occurrence in the form of Nature-prepared 

ullions, it is a truly formidable task to find a nugget of iron on 
our planet—about as easy as to lead a camel through a needle’s 
eye. Why is it that native iron is so scarce? The point is that 
When exposed to the terrestrial atmosphere iron quickly reduces 


lo ill-famed rust.* On the other hand, archaeologists have found 
om iron when man still didn't 


a multitude of objects made fr l 

now how to smelt metals from ore. How could he possibly pro- 

Cure it (I hope the reader will forgive me for using this 20th- 
century word)? 1 

his metal literally fell from the skies. Sudie have Shoga that 

e iron use man at the dawn of civilization was of cosmic 

origin: it = wd of the meteorites reaching the Earth's surface 

from outer space. Quite aptly, iron is called the heavenly metal 

n some lan ” 

guages. A — o ‘ 

an f meteorites carrying close on ninety per 

nr MORAN TE year. As a rule, the me- 


Jobe’s surface every a ru 
face are small in size, usually 


®avenly traveller tips the sca ab 
en he was on one of his expedition 


as 
il brought back by Lunas, Soviet 


VWhaviour? Why is that iro 


2—095 
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turn of the century, Robert Edwin Peary, an American rear- 
admiral and explorer, found a huge rock half-buried in the 
ground near Cape York, the northern tip of the island. The lump 
was an iron meteorite which had fallen on the Earth nobody knows 
when. It seemed to have served as a natural source of iron for 
the local inhabitants for centuries. As a need arose, the Eskimos 
would chisel off a piece or two and hammer them to whatever 
shape they might want. That was how they made their knives, 
tools and other things. 

It will remain unknown for ever how much the traveller from 
outer space had lost in weight during its stay in the ice of Green- 
land, but at the time Peary found it, its weight was about thirty- 
four tons. It was a tall task, indeed, to move the meteorite to 
New York where it has since been kept in the Museum of Natural 
History. 

However, history has records 
have ended their travel on the 
century, a huge crater measuri 
meter and one hundred seventy 
Arizona Desert, USA. I 
had fallen in prehistori 
of interest in the meteo 
that platinum was found in its fra 


of far heavier meteorites which 
Earth's surface. In the late 19th 
ng twelve hundred metres in dia- 


; a meteorite fell near 
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fessors in Vie j i i 

nna wrote: "Just imagine that in 1751 even the 

T iple persons in Germany believed in the fall of a ime 

d Es the (onmi shows how little they knew of the natu- 
ences... But nowadays it is unforgivable to ta 

Rau ee y g ke such tales 


A similar view was held by the famous French chemist A.L. La- 
of his colleagues, that 


ble for stones to fall from the sky”. 


ds leaving the savants am 
» Ower consisting of thousan 
n Apri] 26, 1803. This event changed the t 
n cademy, and a commission appointed to look into the matter 
eported that these stones did come from the sky. . 
The USSR Academy of Sciences’ Mineralogical Museum has a 
ee collection of meteorites. Exhibit No. 4, which has started 
e collection and the very science of meteorites, is a mammoth 
Oulder called the Pallas Iron. 
ena found on the steep bank of tl 
un red kilometres from the city of K 
"a d in the area, the local smith 
mo lob of boiled iron quite on the sur 
aman Even before that the local peo 
azing iron boulder lying somewhere on 
vill enisei. To believe the Tatar elders who 
ages, the boulder had come from the sky sen 


ha Ay years before. 
linked T must have thong epo 
; o er, 

his ee ee to a contemporary, “Medvedev moved 

x difficulty to his home village Ubeis- 
now called Little Medvedevka". 
ious boulder reached P.S. Pal- 
of Sciences. Yakub, a re- 
howed Pallas when 


ds of st 


ne river Yenisei about two 
rasnoyarsk in 1749. While 
Yakov Medvedev hit on 
face at the top of a high 
ple had heard about an 
the right-hand bank of 
lived in the nearby 
t by Allah him- 


as some of Nature’s secrets 
ided to move it closer to 


oulder rasni 
thoder. They intrigued the sci 
i Tatar without Pelay to Medv 
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all of the stone which weighed forty-two poods (six hundred 
seventy-seven kilograms) to Krasnoyarsk”. 
en he saw it in the city, Pallas was struck by its size and 
texture. As he wrote, “The stone had a stiff iron crust fitting to it 
like a coat. Hidden under this thin crust, the core consisted of 
iron, white at fracture and spongy, with round and oblong balls 
enclosed in its cells". 
In the summer of 1773 what later came to be called the 
Pallas Iron was moved to St. Petersburg where it was given a 


Pondering over the origin of the Krasnoyarsk find, Pallas justly 
thought it couldn’t have been man’s creation. As he reasoned, 
“Tf, on the other hand, this could, against all probability, have 
happened, why is it that the boulder, so heavy, was moved to 
such a high mountain and why is that it was left on the surface 
unused?". Finally Pallas concluded: “This iron has been produced 
by Nature and not by any art. All of its bulk and any tiny 
part of it unquestionably prove that it is a perfect creation of 
Nature's". Since Pallas, along with many other scholars of his 
time, didn't believe that Stones could fall from the sky, he left 
the Iron's mystery unravelled. 

It wasn't until 1794 that E.F.F. Chladni, Professor of the 
Berlin Institute and Corresponding Member of the St. Petersburg 
Academy of Sciences, advanced in his book, “On the Origin 0 

imilar Iron Masses 

and Some Other Related Natural Phenomena" the first correct 

explanation of the origin of the unusual iron: "This matter exist- 

"s in interplanetary Space and has coms to our planet from 
ere". 

_ But to go back to the time when ancient artisans, without 8 

single thought of its origin, eagerly used this i 


ee material to make a wide Tange of things by hammering it 
cold. 


Ur (now it is Iraq's territory). : 
V but extremely important limitation about 
meteoric iron: meteorites would not come ‘on demand’, and the 
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how to carburize and then to qnench it so as to make the relative- 
ly soft iron both strong and hard. It was beyond the powers of 
both copper and its alloys to compete with such a material— 


that’s how the Bronze Age gave way to the Iron Age. 


Fires in the Distance 


Once in the Heap of Coals—A Million and a 
formation — The Malachite ‘Pie’ — 


rough Centuries and Millenia 


Whom We Owe What? — 
alf Years After— The Miraculous Trans 
Nothing Venture Nothing Have — Th 


When was it that man first thought that an ore could be con- 
verted to a metal? As Lewis Henry Morgan, a prominent Ameri- 
can historian and ethnographer, wrote in the 19th century, it 
Wasn't unlikely that the idea to melt ore occurred at some one 
Place, and it would be a special pleasure to learn to which tribe 
and to which family we owe this invention and, indeed, our ci- 


Vilization. i 
listorians concerned with primitive society believe that the 

lecisive role in the origin of metallur 

fire. When making a camp fire, our distant ancestors would fence 


io Strongest flame of a camp 
ae enough for the ore to be 
Mably, it so happened once t 


Ore stone i n cakes of metal. 
s were turned into heavy, uneve i 
fl he probability of a metal being smelted from a ore 2s 
ame of a camp fire is very remote, indeed: camp ires had been 


Used f Qu ears* before the ancient fire 
or nearly a million and pesi metal-maker. But however 


be, the camp fire hypothesis has 


Te 
so it remains the only feasible one to 


he sacrement of ore- 
r wanted to de- 


to~ DR 
metal transformation, primi 


Pend o : 

n a luck nce — rather, he wa ] 
me, he process cee to his own will. That's how the idea of 
Dar distant forefathers. 
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an * st camp fires found ne 

z Africa SM me Earth's eae pats the geological age of the strata 
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In their study of ancient metallurgy, historians have more 
than once tried to re-create the conditions in which primitive man 
smelted metals from ores, ] 

In 1938, a British Scientist made an interesting metallurgical 
experiment: he tried to smelt copper from the mineral malachite, 
using an ordinary camp fire instead of a copper smelting furnace. 
For this purpose he had made a ‘pie’ in which layers of malachite 
alternated with layers of charcoal, and then ingnited it. 


As the experimentor had hoped, the fire would produce a 
temperature of 700-800°C which woul 


(making up the mineral malachite) wa 
oxide—the reaction didn’t go any fu 


In a repeat experiment, the experimenter put his flaky ‘pie 
in a pot, closed it with a lid, covered with a blanket of coal to 
make sure, and finally put a fire to it. Now, no atmospheri¢ 
oxygen could find its Way to the reaction zone, and the copper 


carbonate reacted with the carbon monoxide produced by the 
burning coal to leave 


_A similar experiment, but with iron 


1960s. rawing upon what 


w the experimentors tried. 


The Hearth Turns Into the Blast Furnace 


The Iron Age Takes Over 


Di 
id As They Once Used To — On the Slope of a Mountain — The Race 
Kingdom — The Pharaoh's 


Against the Wind — The Mystery of the Hittite 
Request — The Miraculous Column in Delhi — For a Rainy Day? 


aes is, on the western shore of Lake Victoria in Africa, a 
s age where the ancient tribe of Hayas lives. Now they grow 
attle, bananas, coffee and tea. They have to 'import' metal 


tools and other articles because they have no iron of their own. 
t the natives didn't know how 


d had been held for a long time tha n 
smelt iron. When, however, the explorers studying the tribe 
asked the chiefs, the old men convincingly refuted the false idea. 

Working deftly, a group of eighty-year-old men built a cone 
urnace a metre and a halt tall, using the earth from a termite 
Castle. They dug out a pit about forty centimetres deep under the 
ine AR and tamped it full with charcoal they had made by burn- 
uM cane. After they had blown in the furnace, they went to 
t large coal and ore through its top while feeding air through cane 
Es es from a goat-hide bag. Eight hours later, when the tempe- 
tature had been brought up to the required level, the ore turned 


into molten iron-silicate slag where crystals of iron then formed. 
had been smiths more than a 


It turned t the old men 
vols tong d had decided that they would 


alf-century b ib 
: 1 efore, but the tribe u 
1 metal products than by making 


gain m f ‘ E 
ore by buying ‘foreign 

lem on their Pera The former smiths had learned other crafts, 
Ut when, an occasion had presented itself, they were pleased to do 

aS they used to when they were young men, and demonstrated 


‘heir ski] cplorers 
The (dede om on the shores of Lake Victoria discover- 
fi thirteen smelting furnaces in which iron was made some 
ifteen to twenty centuries before. Now we know that the an- 
cient African civilization © o millenia ago was advan- 
in the art of metal-making far enough for an ore to be turned 
"to carburized iron with the aid ol 
he use of an air blast was an important s 
n OBress of metallurgy- Already in the early 
nan noticed that the wind would foster the bu 
coal in the hearth and speed up the conversion of the or 


tep forward in the 
days of smelting, 
rning of the char- 
e to the 
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metal. This observation prompted ancient metal-makers to dig 
smelting pits or to build small furnaces from stones given a coat 
of clay on the windward slopes of high hills or mountains. n 

Unfortunately, it wasn't always that the wind would blow in 
the right direction. As often as not, it wouldn't 'report for duty 
at the furnace at all, sending instead a light breeze failing short 
of what smelting technology called for. Or a dead calm would 
set in. In short, one might as well stand at the hearth and blow 
into it at the top of one's lungs. 

Indeed, that was what the early metal-makers must have done 
at first, but sooner or later it should Occur to an ancient inven- 
tor that they could use some sort of mechanized blast: so air 
came to be fed into the hearth through special pipes and the human 
lungs were replaced with bellows sewn from animal hides. 

What a difference the air blast made! As one would say today; 
the process showed a far better performance: a good deal more 0 
pasty or semiliquid iron would now be found at the bottom of the 
hearth than before. This technique has come down into the his- 
tory of metallurgy as the cold-blast process because the air blown 
into the hearth was cold (the hot blast didn't appear until the 
18th century). 


The iron sponge (bloom or ball) produced in a cold-blast 
hearth carried a good deal of slag—the molten barren rock. In 
order to remove it, th 


the bloom or ball was hammered: this squeezed 
the slag from the iron, the metal became dense and turned, OF 


was wrought, into a solid piece, known as wrought iron, to be 
used in further forms of 


Where was it then tha 


It was largely due to iron, of which they 
had large quantities that the Hitti i priu: 
, tit l the 
16th to the 43th century B.C. ites flourished so high in 
ince other peoples didn’t Possess th fi king, 
they valued the metal more tha B secret of aron-pid for 
example, they used to mak, in gold. In ancient Rome, 


| an iron bloom t zi iscus- 
throwing contest. During the e Ar pad 


Xcavation of an Egyptian tomb the 
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archaeologists found, among other valuables, a necklace in which 
iron beads alternated with those made of gold. 

From the documents that have reached us, we know that an 
King of Hittites to send him some 
t of gold. In the Pharaoh’s words, 
there was sand in the desert. But, 
sed with iron. 

B.C. the Hittite Kingdom fell to 
her peoples learned the secret 
‘As it ousted bronze, iron was finding 
f the world. At least, that’s how it 
was believed to be until recently. The archaeological finds made 
in the few past years, however, have shown that the people of 
ancient Thailand knew how to make iron somewhere in the 16th 
century B.C., that is, well before the Hittites. Traces of iron 
smelting and working from ores dating back to the mid-2nd mil- 
lenium B.C. have been found in Central Asia, Africa, India, and 


in the Mediterranean region. f 
. Although the natural stores in pu Egypt a nok ER 
In iron ians were good at working the metal. It is 
ores, the Egypiié d the world’s most ancient 


in Egypt that ologists have foun ; e 
2 Perd debere ge cus iron. The finds made in an Egyptian 


Pyramid include, among other things, 8 blade several millenia 


old. i x in Karnak, the famous group 
ihe fumtatas $E vmi t, built between about 2100 


9f temples U E 
or, per Egypt, . A : 
A 1250 Be tes pie i for historians a sickle made of iron 
Severa] centuries before Christ. i 
tisans in ancient India, were great mesters o making 
and working iron. This is CO ngly. roved by the famous 
Ton Pillar, one of Delhi's many historical attractions. AES 
he Iron Pillar was set UP in A.D. 415 in Py. dug 
~handrahupta II who ha died shortly before. irst, it w 
Installed in front of a temple in eastern India, but it was men 
moved to Delhi in 1050. The Pillar weighs about six ie J » 
Ons, stands seven metres and twenty a mque tall, and has 
i i the 
lamete: iwo centimetres at e 
Metres at ro pw yd made of nearly pure iron and shows no 
aces : H : H 
A ‘ant ers make this miraculous pillar 
before which s a elt is imp ent? Some science-fiction =e 
end to pie "p" wei made on some other planet and was P 
Carried to eth b the crew of a space ship as a mesm a n 2 
to Barthilas There is another body of opinion which holds 
thatthe Pillar wes wrought ftom an, rath Ties în the words of 
$ 1 : | 
du und e Pillar owes its existence to the extre- 


mast 
ot 
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mely high skills of ancient Indian metal-makers. India has always 
been famous for its iron and steel products, and it is no mere 
chance that the Persians had a proverb saying something about 
carrying steel to India—not unlike the English proverb about 
carrying coal to Newcastle. Apparently, the Pillar was fabricated 
from large individual iron balls welded together in a smith’s 
forge—a feat extremely difficult to emulate even today. 

By the 1st millenium B.C. iron had spread to many developed 
regions, but it remained to be valued high and the demand for 
it was growing all the time. The following fact bears out the 
point. As part of their excavations in Nineveh, the capital of 
ancient Assyria, archaeologists dug out the palace of powerful 
King Saragon II who reigned from 722 to 705 B.C. and found in 
it a veritable warehouse of iron objects: helmets, saws, smith 5 
tools, and also unworked iron blooms which, it seems, the thrifty 
king had put aside for a rainy day. 


Masters of the Smelting Art 


Chosen by Spirits — One Spring Many Thousand Years Ago —The Proprie- 

tary Secret— In Tales and Myths — The Dance Around the Sieve— 

Energy Crisis in Ancient Egypt—From Dawn 1o Sunset— Learning from 
Mistakes 


The art of metal-making has been wrapped in a veil of my5- 
tery since ancient times. Perhaps all ancient tribes and peoples 
held those who knew how to win ores and to extract metals from 
them in high esteem and respect and gave them rights and privili- 
ges sometimes denied to chieftains and priests. This was to under- 
score the social value of metal-winners. 

As a rule, the secrets of metallurgy were known to just a few 
members of a tribe. They were looked upon as the ones chosen by 
the Spirits of Fire who had conferred upon them the power of con- 
verting stones to metal. Of course, the important know-how 
wasn't to be passed on just to any one and just at any time; ! 
was only during an initiation ceremony when youth were prov- 
ing they were worth to be called men that the masters of the 


smelting art would in a special way (known only to them) transfer 
to the best of the young 


: i er generation their mysterious power over 
fire; it was only after such a ceremony that the-youth would be 
eligible to mine, smelt and work iron, copper, and bronze. Since: 
however, the best among the youth were chosen not by spirits 
but their spokesmen on the Earth, that is, by the masters, it was 
usual for the sacred rights and trade know-how to be passed dow? 
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by right of succession, and so the art of metal-making would 
ordinarily become a family business. 

Metal smelting was equated with a religious rite, and it was 
always accompanied by suitable rituals, and their observance 
was essential so as to make the whole undertaking a success. 
A veritable code of unwritten rules prescribed all the operations 
involved in the making of a metal: the construction of a smelting 
furnace, the search for and winning of the ore, its preparation for 
smelting, the choice of suitable wood to be used as fuel, smelting 
proper and, finally, hammering. Many of these rules and rituals 
related to metallurgy have lived through millenia to reach our times, 
as witness the ethnographers who have studied African tribes. 

In one tribe, for example, the masters would begin their metal- 
making campaign only in spring. With the opening of the smelting 
Season they would leave their huts and move to pre-selected 
nooks, usually away from their village. There, hidden from a 
foreign eye, they would puild their furnaces. In doing so, they 
Were not to use water because it might prevent fire from ‘pul- 
ling’ the metal out of the stone. Nor could they come near their 
Permanent residences Or mingle with their tribesmen for fear 

er fire. It was usual for 


of loosi tiny bit of their power ov 
M Magie eni us drugs and roots which, they hoped, 


them to bury miraculo f I 
Could play an important role in smelting. 

At last the furnaces would be complete—now they were to be de- 
dicated. For this occasion the tribes had ‘proprietary rituals, each 
of its own. In one, a baby laced in the still unfired furnace 
Would be shaking dry beam pods in its hands to imitate the crackl- 
ing sound of a fire, thus getting the agen ready for the hot 
embra s ich would soon make an uproar. 

race of the flame wi ired that the smelters should work 
naked. A heir usual attire would consist of nothing more 
than a Wee ho were to part even with it during the smelt- 


in : masters of the smelting art should be 
18 operation. Lest, Uf women were banned from the pre- 


stra affairs, : 
mises rs by ee It was usual, too, for the smelting ope- 
ration to o panion by music and ritual songs performed 
Vue iron-makers themselves o harmless: as often as 


i ituals were S S| à 
"o. n = he age sacrificed to placate the spirits. This 
: uman eei nglish ethnographer, writes about the 


iS what A. Br ut th 
. Bryant, S f Zulu metal-makers: Their 
za i least) of Zulu ; 1 
P ere bere (io ay only be disclosed during a smelting 
Operation. lett this should happen: the smiths* always made ! 


oe 
er usually doubled as a smith, so both names 


* 
The ancient metal-make 
can be encountered in the literature. 
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a point to work in a remote corner, in solitude; nobody must be 
able to see what they are doing. It was believed that the ore 
would give off its contents in plenty only if it had been sprinkled 
with human fat. But, as everyone knew, human fat could only 
be obtained by killing a human being. And, of course, everyone 
knew that each smith must be in concord with what were called 
‘secret killers’... Naturally, the smiths themselves were suspect- 
ed; other people would tak 
cluded kraals usually located in the thickets”. 

This ‘smelting technolog 
on the reputation of ancien 
of some peoples they appear ugly 
sical flaws, a bad and vi 


pass down to us the image of a go 


the smelting and forging art, work 
and society. 


However important the Construction of a smelting furnace might 


be, it was perhaps far more important to assemble the charge or 
burden—a mixture of ore and fuel. 


How could one find the right 
others? One Mosambic tribe, for example, had a century-teste 
procedure: every search for 


ing for the benefit of people 


Going through the dance, the 

towards the sky irits to deign ibe’s needs 
4 tribe'sn 

and to grant them the ore stone P gn to the tri 


: ; ancient Egypt under Pha- 
reigned from the late 14th till the early 13th 
century B.C., that is, smelting (mostly copper an 
bronze) was widely sp country, had at least a thou- 
sand copper smelting furnaces, They used charcoal burned from 
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palms and acacias which 

E à which grew on the banks of the Ni 

d ae ae Bae ET cba es era of Ede ned 

rs it is hardly likely that the Egyptian: 

needed this metal. Why is it then th Mer d. longer 

Egypt suffered a mind setback? DIET ak: aa cic 

et fact had remained a mystery until it was resolved 

Biko years ago with assistance from archaeologists. As the 

rere ations show, the copper industry in ancient Egypt took 

c ep plunge because. of the "energy crisis" that had swept 

ame OR in those distant times: a good proportion of the 

doty s meager tree stand had been cut and burned to coal 

hort g arelatively short span of time. Charcoal had become 

B to be had, and copper output declined. 

dii let's leave ancient. Egypt and go back the Mosambic village 

ch, even in the 20th century, used the practices of metal- 


meee to the spirits! —had been found, and the charcoal 
ee Now a white powder would be extracted from a ter- 
in rastle it would help the flame to pull metal from the stone. 
T ly, bamboo pipes and a large bag sewn from an antelope’s 
int would be fitted to the furnace in order to drive in the wind 
i at is, the blast) without which the ore wouldn't give its metal 
9 the flame. 
us heat, as it is technically known, would 
usually last from dawn to sunset. By the time the Sun was send- 
a white-hot bloom of metal would 
àve formed ia the furnace. Of course, the heat could sometimes 
" less successfully: instead of a whole bloom, the metal-makers 
ould only find small pieces. As the tribe's smiths believed, 
26 se of the failure: they hadn't been 
alous enough in begging the spirits to grant assistance, and 
epeat the same mistake in future. The 


the 
blo Would swear not tor s xh re 
er a smith’s hammer to be 
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made of it would become blunt or break very soon. On the other 
hand, the makers would often find, among the relatively soft 
balls of iron collecting at the bottom of the hearth, also harder 
pieces—those which had been in contact with the charcoal. Link- 
ing the two facts together, the iron-makers would deliberately 
enlarge the zone of contact between the iron and the charcoal— 
as a result, the metal would pick up more carbon. This is known 
as carburizing nowadays. The carburized metal could satisfy the 


most exacting user. That was steel which is the backbone of the 
entire material world even today. 


The demand for steel was in exces 
where, but the primitive steel 
Strange as it may seem, but the 
past three millenia or S0, remaine 
facture of both iron and steel w 
process. 


It must be admitted, though, that ancient metal-makers used 
what is known as the crucible process to smelt copper, bronze 
and iron of high quality. Even Aristotle who lived in the 4th 
century B.C., mentions the famous Damascus steel, or damascene, 
made in the crucible. The crucible process was mainly practise 
in India, Persia and Syria, and Damascus steel was hammered into 
swords, sabres, daggers and other side-arms remarkably sharp an 


springy, and was also used to make tools of high strength and dur- 
ability. 


S of its supply almost every- 

industry was lagging behind. 
metallurgy of iron had, in the 
d basically the same: the manu- 
as based on the slow cold-blast 


in (Salah-ad-Din), the 12th-century 
Coeur de Lick aed Syria and general, once challenged Richar 
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Since very few masters knew the secret of crucible steel, it was 
made on a relatively small scale. Finally, its secret was lost to 
Civilization somewhere in the Middle Ages (to be revived in Europe 
in the 18th century). 
y The demand for steel was growing all the time, and so was the 
size of the cold-blast hearth, accompanied by improvements in 
its design and an increase in the strength of the air blast. Still, 
the process remained a slow one. But, as the Russian saying goes, 
there is no misfortune without a piece of luck. 


By the Middle Ages, the hearth had turned into a shaft fur- 
eral metres tall. The shaft 


nace which looked like a column sev 
urnace could take in a fairly large charge made up of iron ore 
and charcoal and needed a lot of air for its blast—many times 
more than did the ancient cold-blast hearth. Now the furnace 

reathed” with the power of water: its lungs, or air bellows, 
Wi actuated first by special water pipes, then by large water 
Wheels, 

The process in a shaft furnace went on hotter than in a cold- 
last hearth: more carbon was burned every unit of time, and so 
More heat was liberated. It is the high temperature in the shaft 
Urnace that caused some of the iron very high in carbon (and 
therefore capable of melting with greater ease) to melt and flow 
out of the furnace along with the slag formed in the course of the 
poat, (The furnace or, more exactly, its borom part called, by 
orce of habit, the hearth had a hole to let z Rica, AN EL 


n cooli e o n-carbon alloy carryi 
Carbon inga Mie nd become very hard but extremely 


Tittle and unmalleable. That was pig iron, so important today, 


Ut vi see Je iron-makers several centuries ago. 
CP on eq ee "i break into pieces, and no weapon 


r, when h it wou d : 
ammered, it ai d, this seemingl 
tool it. On the other hand, thi gly 
Useless mere p cpi in the puis Lips en hom 
Iron, Th for medieval metallurgist to 
e h reason 
hc iuc oined to call this 
; . " 
uite flattering names were C „t0 
dden nomba o eied ‘wild stone’ or ‘goose 1n Central 
Hope and ts name in Russian AlS end for pig iro, it would 
n i ou : 0 
usually zo conceivable ure a. This went on until a happy e 
Occurred o to a mb eves pig iron into a furnace again aok 
With s 5, sameie to how a veritable breakthrough took piace 
an the po ore Tiar zA s was learned, when re-charged into 
ag eae jeld —with relative ease—the desired 


a fur 
Nace, pig i ul 
St pig iron woure ». ; 
Te and iid quantities m nificance, happened in our 
d add of the kint fe pane of countries, and the inventor 
x u e pa 
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would win world-wide renown. Alas, history has not preserved 
the name of the medieval inventor, but we know that this happen-. 
ed in the 14th century. 

The innovation led to a clear division of ‘labour’: the shaft 
furnace, which had now become not unlike a blast furnace, would 
produce pig iron from ore, and the pig iron would then be re-melt- 
ed to remove excess carbon in what was known as the bloomery 
hearth. That was the bloomery process of steel making, carried 
out in two stages, in which iron ore was first converted to pig 
iron, and the pig iron was worked into steel. This ‘Iron Triad’ has 
retained its significance even now. Although today’s mammoth 
blast furnaces bear only a remote resemblance to the medieval 
shaft furnace, and the steel-making plant of the latter half of the 
20th century doesn’t look a bit like the refinery hearth, its an- 
cient predecessor, the two-stage process remains the basis of steel- 
making. (The only exception seems to be what we call ‘nonblast- 
furnace metallurgy’, to be discussed later.) 


One more factor served to Promote the use of blast furnaces: 
metallurgists noted that, when 


be turned into what lat 
of exceptionally high i 
to cast cannon, cannon balls 


i on for casting purposes widely spread at ? 
much later time when the blast-furnace process had been deve 
loped to a high degree and was gaining ever more ground: 
furnaces, t se times: 
As tradition had it, boo » too, date back to tho: 1 


in t i ce Says 
that the fault was clear 2o, operation of a "Wow 
cations' of Bisho 
he let the furnace get Tid of a ‘sow’ idified 
iron, the ‘sow’ melted, and Mia mam aj large block of solid 
the furnace. 


The Milestones of the Long Road 33 


The Milestones of the Long Road 


ag Peter the Great's Command — Decisive Action by the English Queen — 

the aempting Idea — Between Prayers — The Kaleidoscope of Events — At 

l lose of the Sixth Day — 'The Fire-Driven Machine for Factory Needs'— 
ce or Flame? — The Guard of Honour — ‘It Has Its Mouth at the Top’ 


r che high demand for pig iron as the primary product of iron- 
ri ing to be later converted to steel prompted the construction 
of blast furnaces in many countries. In Russia, the first blast 
Pri i was built in the 1630s. It stood on the river Tulitsa, not 
àr from the city of Tula, with its air-blast bellows driven by wa- 
ler wheels. The furnace was able to turn out as much as about 
two hundred kilograms of pig iron a day. That was a modest fi- 
Sure, indeed —a good deal less than the huge country needed. 
Attempts to find new iron ore deposits were made as early as 
uring the reign of Alexei Mihailovich, Peter the Great's father. 
ne expedition after another was sent to look for iron ores on 
the banks of rivers and rivulets in many parts of the country. The 
Prospectors were told to locate ore deposits, evaluate their size, 
Manner of occurrence, and how strong à metal it could yield. But 


they came < empt -handed. 
oon eke beoe to the throne, Peter the Great issued 
a Decree which was to play an important role in the growth of 
Metallurgy in Russia: “Byery effort shall be made to multiply 
the production of every kind of cast and wrought iron... and ev- 
erything shall be done for Russians to learn the art of iron-making 
So that this trade could stand firm in the Muscovite State”. For 
those who might conceal the found orebodies, the Decree envisa- 
= “a cruel wrath, an immediate corporal punishment, or death 
enalty” ay avity of the crime. 
Bie aoe ae m the Urals that rich pe neg of lode- 
Ston A ; had been found at Mount Vysokaya: 
“T NP s = t in the middle of the mountain, 
and around it stand dark forests and stone ridges”. The prospec- 
tors sent samples of the or . The iron that Moscow's 
E assed the most severe tests. In fact, it 


Masters smelted from it P ell be used to make ‘all 


Was as ish i an 
ish iron 

i koodas Swed ocks’. To make assurance doubly sure, 

and and to the Tula 


Inds of gun barrels and 
Speci e were sent to Holl | ! 
ud ne E eed rell known to the Czar for his skills. The 
utch experts ranked the ore very high. As they wrote, the iron 
smelted from it was ‘s0 good in service that nothing could be 
More durable and softer. Their view was shared by Nikita An- 
tufyey who made two muskets and two lances from tlie Ural metal: 


3—092 
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“That’s a very good iron, not a bit Poorer than one from Sweden, 
and indeed, even better than that for firearms”. be developed 

It was obvious that the metal industry ought to paler 
in the Urals, and Peter the Great issued a Decree on 700 fs coe 
tion of the first iron works there. In the winter of 1700, 


“cannon, mortars, ed 
irasses, 
kets, rapiers, Sabres, cutlasses, broadswords, lances, cuir 


je 
Nikita Demidov and, later, his son Akinfy did much to pan 
metallurgy in Russia. Ural iron was highly valued on iA dai. 
market. As the English "Morning Post' wrote in the ur ed an 
tury, the Demidov iron, called ‘Old Russian Sable m "d ias 
important role in the British industry; for the first time 


plunge for lack of charcoal. T 
land which had been the w 


: and 
© much wood was cut and burned to make charcoal in Engla 
in the 15th and 1 


ood to make charcoal w 
Tritory. It appears, however, Be 
ne way or another to circumvent s 
Royal Decree, so à quarter of a Century later a new decree n 
made public, forbidding some Counties to make iron and sten 
altogether. Later this decree was extended to cover all of nami 
The blast furnaces stood cold without their life-giving fuel, al 
iron output in the country made a steep dive. Iron had to 
brought in from Russia, Sweden and other countries. 


iron makers contrived o 
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The dire straits in which the British iron and steel i 
dese itself forced the metallurgists to look for a fuel soa 
m cid charcoal. Obviously, they turned above all to fossil coal 
es undant in the British Isles. By that time, coal which libe- 
"n es more heat on burning than charcoal had built the reputation 
Sy EN excellent fuel, but not for blast furnaces. All attempts to 
d t pig iron with coal would inevitably end in a failure: the 
the al would carry the objectionable impurities sulphur and 

Srphorus and was practically no good for steel-making. 
Ten ill, the idea of replacing charcoal with coal for blast fur- 
iE was too tempting to be given up completely: there was so 
A. coal in deposits all over the country that they could sup- 
por the iron and steel industry for many years to come. No won- 

r that many Englishmen, and not only they, tried to solve the 


Problem, 

History has preserved for us the name of the Reverend Simon 
“ii a German by birth, who was deeply engrossed in 
Ses dly ‘metallurgical’ issues between his prayers. In 1611, he 
Mosi granted the privilege of using ‘sea or mountain coal' for 

9n-making purposes. But either he soon grew sick of the enter- 
ri, or thoughts of saving his soul had filled his perishable 

Xistence, Sturtevant gave up his privilege a year later. 

erhaps the first who was able to score a definite success was 
h metallurgist, a natural son 


ud Dudle Engli 
f , a ver oung Engiis 
à lord whe eed eveia] iron works. In 1619, Dudley was grant- 
a Royal patent saying that its holder had discovered, after a 
sive experiments, the secret, a 


e and making therefrom 


Venti c 
"s not yet performed by anyon 
Dudley jj i i ts. He had se 
e full of dramatic events. He h en 
y lived a long life 5 troyed his works, he was 


many e 
t : i 
hings: his compe took part in the Civil 


Once : SUE 
à pris i don jal "a 
Prisoner in a Lon : sentenced to death before a firing 


T, was ; d 
a f war an ; 
prisoner: oth times, was heavily wounded, was 


Squaq twi 

Petfidiously but eaeapo his partners... Unfortunately, Dudley 
idn't live in this kaleidoscope of events to see his invention 
Put to practical E He refused to open his secret to anyone, 
and when he died, metallurgy was left without knowledge how 


to 
use fossil fuel. 
wasn't until 1735, or one hundred 
ent, th 


dey | his pat 
cess e: ìad been granted nia only coke— 


and sixteen years after 
at the blast-furnace pro- 
a fuel obtained from 


Sy zas first carried out, U 
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coal, without which it would be impossible to smelt iron in the 
blast furnace or to carry out some other metallurgical processes 
today. The invention of coking has been an important event 1n 
the history of industry. It is closely related to the name of the 
British ironmaster Abraham Darby, Jr. i 
The Darbys owned an iron works at Coalbrookdale, Shropshire. 
It was Abraham Darby, Sr., who was the first to experiment wit 
the conversion of coal to coke and with its use in the smelting o 


formidable task, however, to obtain coke that would suit pee 
purpose. The experiments that followed one after another too 


itr i i lying 
the air blast to three smelting fu meu. 1120.4 Kip rep d 


no skilled machinists that coul 
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began to develop, the boiler sprang a leak, and the engine was 
first brought to a stop and then dismantled. 

Fate was more favourable to Watt's invention: in 1784 he was 
granted a patent for a univefsal, double-action steam engine. At 
about the same time, the first steam-driven air blower came to be 
used by the blast furnaces at English iron works. 

The next important step in the development of the blast-furnace 
Process was made about a half-century later when the Scottish 
inventor James Bomon Nilson proposed to heat air before it was 
to be blown into the furnace. However strange it may sound, many 
metallurgists gave a hostile reception to Nilson’s idea because 
the prevalent opinion at the time was that the colder the blast 
the better it was for the smelting operation. Indeed, air at some 
works would even be cooled before it was blown in, by placing 
blocks of ice in the blast pipes. Nilson wasn't a metallurgist but he 
realized that by preheating the blast it was possible to save fuel 
and to raise the throughput of the furnace. But how could he 
Prove that he was right? No one among the iron-makers wished to 
Permit the inventor to put his idea to the proof on their blast 


urnaces. 

Finally, the owners of an iron works at Clyde thought they 
were bold enough to take chances—and they proved right: the 
test bore out Nilson's idea. In 1828, he was granted a patent on his 
invention, and the year 1829 saw his remarkable idea realized in 
practice. Even with a slightly preheated blast, the consumption 
of coke was cut down by about a third, and half as much again of 
Pig iron was tapped. Before long the hot blast spread widely not 
only in England but also in other countries, including Russia. 

Nilson’s air preheater was far from perfection: on passing in 
cast-iron pipes embedded in the fire-box, air could only be raised 
to 300-400°C. At a higher temperature the pipes would be over- 
heated and fail very soon. In 1857, the English engineer Edward 

Ifred Cowper proposed an unusual air preheater for the blast 
furnace, now known as the hot-blast stove. The early stove was a 
tall, cylindrical shell rivetted from steel plate. The shell was 
Packed with a checkerwork of firebrick. The checkerwork would 

e raised to a red heat by hot gases, then the stream of hot gases 
would be shut off and air would be passed instead. Since the checker- 
ld now be raised to 600 


work had a large surface area, the air could | sed 
or even 700°C. Several years later, Cowper improved his idea by 


Proposing to use the waste gases of the blast furnace in order to 


Preheat the blast. 

Before long hot-blast, or Cowper, stoves became a regular fea- 
ture of all iron works: each blast furnace was fitted with two, 
three or even four stoves. Even today, many years after, they 
remain an attribute of any blast-furnace plant. A panoramic view 


38 The Hearth Turns into the Blast Furnace 


of a large iron works will inevitably show, standing next to any 
blast furnace, like a guard of honour—huge, blunt-nosed cigars 
tens of metres tall: they are hot-blast stoves preheating air to as 
high as 1200°C before it enters the blast furnace. 

The smelting of iron in blast furnaces has always emanated a 
magnetic force. It is no mere chance that many prominent au- 
thors who happened to visit an iron works have left picturesque 
descriptions of how ore is turned to pig iron. For example, ihe 
blast furnace greatly impressed Vassily I. Nemirovich-Danchenko, 
a prominent Russian writer, who described his experience in 4 
featury-story, “At the Ural Works” published in 1890: 

“Those uninitiated in the mystery of the mining and foundry 
art might probably imagine that the blast furnace looks like à 
healthy-looking and stout village beauty.* Huge and bulky it i$: 
and also beautiful in its own way, but impossibly dirty. It has 2 
huge mouth that swallows tons of ore and firewood, and a sto- 
mach that digests the ore to pig iron. That's what the blast fur- 
nace is. 

“The blast furnace j 


storeyed house. It has its mouth at the top. When the workmen 
carrying the charge f. 


gorges a greedy fire 


EN i ae k 
: us with its fiery stinges. We stepped bac 
against our wi ge k ges. epp 
poo the di» looking at this sacrament from a distance- 

kl imd. d nace had calmed down, its flame turned PU 
put ang, in a way; beautiful.. T was now admiring it, but from ? 
* The point is that the Russia t ' which 
i ! E n for ‘blast f RA a' whi 
is spoken and written the same way as the favourite vi lla sa e name 
of Domna.— Translator's note > 
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Siranee, of course. The scene in the shed had become qui- 

“As the smelting operation went on, the ore descended ever 
more towards the bottom, and the lighter materials, such as coals 
and fluxes, remained at the top. Pig iron was now boiling at the 
bottom like white, brightly luminous milk. When we stepped 
down to the tap-hole in the furnace, we found it was cooler there, 
but were deafened by the noise from the tuyeres—the pipes over 


which the air required for smelting is blown into the furnace. We 
could no longer hear each other. We could see our lips moving, 
but couldn’t make out a single word. Even a cannon shot would 
hardly be heard there, I think. The workmen who stay at the 
furnace unrelieved for a long time must inevitably grow deaf. 

Stepan opened the tap-hole in the furnace gingerly, and a dark 
crust in it blistered and cracked open. A white-hot, molten 
mass could be seen in the crack. It swelled, filled the tap-hole, 
and, driven by the weight of the overlying molten iron and 
luxes, began to flow like a fluid, dazzling serpent down the narrow 
runner made for it in the soft ground, brightly illuminating the 
dark shed. Sprays of bright sparks went up from this iron milk. 
Not unlike snowflakes but bigger, the metal sparks took up vari- 
ous shapes. One after another, they rose to the log ceiling, rushed 
there in glimmering shafts and melted away, as it were, in the 
heavy darkness. It was hard to break away my eyes from this 
firework. Finally, the iron filled the moulds and began to cool. 
At first it turned purple, then took on a bluish tinge, and at 
last it looked as if ash separated at the top: we could hear a low 
hissing sound under the ash. The workmen went to separate 
the pigs from one another”. 

Alexander S. Serafimovich, another Russian author, also gives 
à picturesque description of the blast furnace in his story, “At the 


orks”: 


“Hastily, the workmen threw ore, e al 
car, and the steam engine lifted all this in an instant to the top 


where its contents were emptied into the mouth of the monster 
white-hot in the insides. Unwearingly, it swallowed the tons of 
charge, and the workmen, exhausted with heat, strain and fa- 
ligue, kept on filling the insatiable belly, seeing no end of it. 
ale and tired, they were black and smoke-covered as if by gun 
Powder, and the sweat running down in rivulets left fanciful pat- 
terns on their faces. They couldn't leave the voracious monster 
for an instant: it commanded constant and strenous attention, 
it required that people should always be there, without giving 
them a minute of rest”. 
Many years have passe 
mechanized and automated, resembl 


coke and flux into the charging 


d, and the blast furnace of today, highly 
es its 19th-century predeces- 
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sor as little as the Boing-747 does as compared with the Flyer 
built by the Wright brothers. Now it is the height of a 30-storey 
building and not as tall as ‘a good three-storeyed house’. The ma- 
terials that go into its charge are counted by tens of thousands 
of tons a day. With the plenty of instruments, recorders and 
signals on its panels, the control room of a blast furnace looks 
like a scientific laboratory. The duty of the workmen attending 
to the furnace have changed beyond recognition, too. They have 
become highly skilled specialists who work not only (and not so 
much) with their hands but with their brains. 

We will go back to the blast furnace of our time a bit later, 


and now we leave the manufacture of iron in order to see how Pig 
iron is converted to steel. 


Steel, The Chief Metal 


The Rebirth of the Ancient Process 


he Spy with a Violin — The Young Mecha- 
id Fast — Mute Witnesses — The Star Hour 


The Emperor's Secret Mission — T 
Shine as the Sun — The Night Visitor 


nic's Griefs — Only a Tale ‘Is Tol 
of ihe Former Watchmaker — 


History knows quite a number of legends about stolen secrets. 
Once they learned how to make silk, glass, porcelain, or 
Special grades of steel, many famous masters, whole guilds and 
even states wouldn't be in a hurry to part with their know- 

ll always be someone 


how. But if there is a secret there wi 
wishing to get hold of it at any cost and in any way, both honest 


and dishonest (more often dishonest, of course). It is a fact that 
Emperor Justinian of Byzanthium 


as early as the 4th century 
Sent his agents disguised as wondering monks to China, telling 
them to learn the secret of silk manufacture. The Emperor's 
mission was a success. That’s how industrial espionage was taking 
shape. 

. Among the first wh ed to sail in the turbid waters of 
industrial espionage in ield of metallurgy was Foley, a 
Smith who lived in Eng in the 18th century. In his search 
of secrets of the manufacture and treatment of high-quality steel, 
le disguised as a strolling musician and travelled nearly all over 
Europe. Bare-footed, clad in rags and with a violin in his hands. 
he contrived to visit not only castles and taverns in Belgium, 
*ermany, Bohemia, Italy and Spain, but also workshops and 
Smitheries in those countries. The false violinist amassed a 
Teal wealth of interesting and useful knowledge. No wonder, 
therefore, that when he came ack to England, his business went 
pPhill, and yesterday's ‘tramp’ netted a substantial fortune before 


ong. 
er similar story to the reader, it seems worth 
ent crucible process lost somewhere in the 


Benjamin Huntsman, an English watch- 
maker, to revive, in 1740, this process once yielding excellent 
Steel for sidearm, instruments, and parts used in many mecha- 
nisms, 2 

5 By that time. what is k 
Suropean countries. It was 


teel had spread in many 


nown as cement $ a 
the cementation process 


produced by 
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i ised 
i i rbon content of the metal at its surface was raise 
S yeh it to the action of some carburizing agent, mowy 
aierooal. Although ers steel ve AUS to be desired, no o 

el was available to replace it. ` 

apr Hunstman showed an unusual aptitude for aa aie 
The residents of Doncaster where the young watchmaker d 
his workshop gladly bought his watches and had their Wenn 
repaired by Huntsman, and not only watches. Unfortunately, 


e art and a good deal e 
diligence, the timepieces would fail before long. Finally, Hun A 
shame for steel makers, em 
r making a high-quality € 
goal, he moved to Handswor 


gleaned from the following fact. Man 
death, quite a number of rej 
site once occupied by his foundry—he ha 
inquisitive eyes, Those 
failures were more eloqu 
had been more thorns t} 


d buried them away iet 
mute witnesses of the inventor's pae 
ent than any words in telling that the 
lan roses on his road Lo success. gi 

Anyhow, the star hour of Benjamin Huntsman, a former wate 
maker, came: he had melted in his crucible a steel that wre 
satisfy the most exacting requirements, and has come down d 
the history of metallurgy as the man’ who revived the ancie 
crucible process. M 

In 1740, Huntsman built in Athercliff, a Sheffield suburb, ê 
small, but the world’s first steel works turning out bars of erucib® 
steel. (That year is taken as the year when the crucible proge 
was revived.) However, experiments went on, and the inventor 
realized before lon the bars, or their car j^ 
content, could be adjusted at will by adding various amounts 2h 
graphite, pig iron, or wrought iron to the heat. Of course, mu 
was done ‘by eye’, and the w 


orkmen determined if the time Len 
come to tap the steel from its shino (it should ‘shine as the Su 


in a clear day when one is looking at it with an unprotected eye )* 
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Relying on many years’ experience, however, Huntsman was able 
to produce a consistently good steel, homogeneous in structure 
and free from impurities. He kept his know-how a secret from 
his competitors who weren't slow in realizing that Huntsman’s 
crucible steel was a good deal better in quality that their cement 
Steel. 
Those who wished to 'draw upon' his experience were many, 
indeed, and it cost Huntsman a lot of effort to protect the secret of 
his crucible process. Therefore, the most critical steps in the pro- 
cess were carried out at night when it was far more difficult for 
too inquisitive visitors to steal into the works. Yet it was at night 
that Samuel Walker, a Sheffield ironmaker, stole the secret of the 
crucible process. y 

That's how this happened. Late one evening a beggar came up 
lo the shop where crucible steel was made. Hungry and cold, 
he asked the workmen, who were getting ready for their job, for 
their permission to warm himself at the hearth. Although Hunts- 
man had forbidden very strictly to let in any unauthorized per- 
sons, the workmen took pity on him and Jet him sit on a heap of 
coke at the hearth. Absorbed in their work, they didn t notice when 
the beggar left the shop. Soon Samuel Walker (it had been Walker 
who had disguised himself as a beggar) was able to begin the pro- 
duction of crucible steel at his works. That was an indication 
that the clandestine ‘exchange of know-how’ had been a success. 

Fortunately for Huntsman, the theft of his know-how had not 
the slightest effect on the activities of his works which soon won 
world renown. In his declining years, Huntsman not only had a 
Major steel-making business, but also carried a lot of weight. 
with the English industrial and scientific community. 


‘Steel of Utmost Quality’ 


—The Refusal from the Board — The Article in 
yur Eighteen Eleven' — The Quality ‘Bonus! — 


Many Centuries’ Experience 
cess at the World Exhibition 


the ‘Northern Mail’ — 'In the 
The Letter of Recommendation—The Suc 
The high quality of crucible steel stimulated its spread in 
Sweden, Germany, France and some other countries. However, 
it was an expensive metal, and the crucible process was a slow one. 
ecause of this, cement steel remained in wide use for several 


decades more. " j : : 
The cementation process was practiced in Russia for centuries. 


ussian masters did much to advance and improve the process. 
ocuments have reached our time, telling that in 1820 the Board 
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of Mining and Salt Works, which was part of Russia’s Ministry of 
Finances, received an application from Poliuhov, a merchant, for 
the privilege of using his process for making cement steel. The 
application was filed along with specimens of the metal and of 
the tools made from it. 

The Board sent the specimens for tests to St. Petersburg and also 
inquiries to other works concerned with the making of cement 
steel and the manufacture and use of tools. 

The first to pass his judgement on Poliuhov's steel was the St. 
Petersburg Mint: “...it is fit for tool-making and strong, and 
shows a fine and even grain at fracture”. 

Poliuhov's steel was highly praized by Bitepage, a foreigner 
which had firmly settled in Russia and had risen high as an en- 
gineer and an industrialist. As he wrote, “The specimen of Poliu- 
hov's steel I've received is of the same high quality as one made in 
England and, as tests have shown, has the same properties as the 
foreign one". In Bitepage's opinion, the new steel could well re- 
place the steel Russia was buying abroad at a high price to make 
tools. This was a promise of substantial benefits to the country- 

In the words of Vober, Manager of the Schlisselburg Chintz 
Mill, “Poliuhov’s steel is of utmost quality in all respects an 
can be used to make tools for our mill, being in no way inferior 
to English or Steirmark steel in tools for turning steel and iron: 
bats ee E for chintz-printing, and stamps to engrave the 

The Board received many more excellent references, laudatory 
responses, and positive comments on the new steel. The success: 
it seemed, was around the corner. But not all of the Russian iron- 
makers thought it was beneficial to give a green light to Poliuhov 5 
steel. Many works, above all those in the Urals, were makin 
steel of a fairly high quality, and their owners weren't intereste 


in the least : . A 
fee to see a dangerous competing firm emerging among 


In August 1823 Poliuhov's request was turned down: "Since the 
making of steel in its various forms has been brought to perfec- 
tion at other works in Russia and since its manufacture, already 
in large quantities constitutes a vital branch of private industry- 
beneficial to the State as well, The Board of Mining and 8 
Works rules that Merchant Poliuhoy’s request shall be left "7. 
granted". And also, "if granted, the exclusive privilege applied A 
by Poliuhov of making steel at his works by his process would 
inevitably bring other similar establishments to à Slop: causing 


age and ruin i : e 
damage 2 to their owners ..., and this runs counter to t} 
interest of the Government itself” 


Although Poliuhov's a 


icati i r 
: : Pplication was left ‘ungranted’, ot)? 
Russian metallurgists 


working at the time developed a” 
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commercialized quite a number of other interesting steel-making 
processes, including cast steel. 

Justly ranked among the remarkable iron makers of the first 
half of the 19th century was Semyon I. Badayev, a former serf, 
who had learned how to make steel of high quality on his own. 
His process involved several stages: at first wrought iron was ce- 
mented, then the cement bars were melted, and finally the cast 
steel thus obtained was carburized. To carry out his process, Ba- 
dayev built a furnace which had a cementation compartment and 


à crucible compartment. 
This is what the newspaper Northern Mail for January 14, 


1811 wrote about the inventor: 

“A certain Semyon Badayev, a serf, made it known to the 
Government that he had developed a process for making cast 
Steel of utmost quality. The test carried out by Badayev at the 
St. Petersburg Works of Surgical Instruments under the super- 
vision of a mining official appointed for the purpose fully con- 
firmed his claim. His steel was presented to the Mining Council 
and from the tests of various things made Írom it, such as dies, 
chisels, springs, calipers and drill-bits, it was found to be second 


to none of English steels. : Au 
"The same steel made by Badayev was made into surgical in- 
Struments and razors here in Moscow, and the things were found 
fundamentally good. As the inventor of the new process, Badayev, 
Wishing to make it available for common benefit, put himself at 
the will of the most gracious Sire and made it known that he was 
Prepared to serve at any place and to open his secret to whomever 
ordered”. 
Bu was a serf and even the Government, before 
they t Badayer v of him as they thought good, had to buy 
im from his owner. The transaction did take place: i; Pu 
tenth of February in the year one thousand eight un zed 
eleven, I, Vassily, son of Sergey Ragozin, Sub- ientenent o 
the Life Guards’ Preobrazhensky Regiment, grant m certi- 
ficate of freedom to my serf, Semyon, son of Ivan ! F ayev... 
; Ragozin, have been paid, with the permission of His ee da 
ajesty and at the expense of the Crown, one thousand eight hund- 
red roubles which I, Ragozin, have received in full at the St. Pe- 
tersburg Chamber of the Civil Court upon the execution o Y “a cer- 
tificate of freedom, and he, Badayev, shall, upon entry o t je ay 
tificate in the Register of State, be free for ever, and neit Te ; 
- Ragozin, nor my inheritors shall in future have any claims 
on him, Semyon Badayev, or his future descendants, and shall never 
; is freed serf of mine, Semyon 


eï $ thing. Ere now th 
nvolved in any Rer or mortgaged by me, nor was he set- 


ada ither > 
tled a R hy will to any one.” The eighteen hundred roubles 
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i ion included a sizeable 

i d in the transaction inc c 
I aioe talent: the price of an ordina 
lower. d 
res was sent to carry on hi 
Works in the Urals. An influenti 
Department gave him a letter of 


‘bonus’ for 
ry serf would be a good 


S activities to the Votkinsk 
al official from the Mining 


e iat 
“to success in his undertaking”. The 


Searches and Finds 


King James I's Grant — Coalbrookd D i 
The Navy Officer's Jacket Is No Longer Needed — The S 
Treasurer — The Vice Presi 


and expanded, industr 
of steel, but its supply w. 


À t ously short although metallur- 
gists in all countries had long been looking for Ways and means 
of meeting the mounting demand The 


Uropean monarchs in- 
rted the search for new 
ing James I of England 


a patent Among other things, it 
Stated that a great Need was felt in England, Treland and the 
ominions for steel to make armour and arms, and 
carpenters, masons and othe : 


also tools for 
1 ther trades. It was stres 
output of steel in the Domini ; 


to buy steel from Overseas i 


Subjects' would pe brought 
n order i ; 
king said he wished that Steel b 


Should 
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By the mid-18th century, many countries were producing sizea- 
ble quantities of pig iron in their blast furnaces, but their bloo- 
meries were unable to process all of their pig iron into wrought 
iron. Also the bloomeries needed charcoal—a scarce fuel happily 
replaced with coke in the blast furnaces. Quite logically, the 
metallurgists had been working in this direction. 

Among those who were the first to find an acceptable solution 
of the problem were the brothers Thomas and George Cranege, 
workmen in the same town of Coalbrookdale where Abraham 
Darby, Jr. had successfully used coke in his blast furnace three 
decades before. The essence of the process that the Cranege bro- 
thers proposed in 1766 was this. Pig iron was to be converted to 
malleable iron in a raw coal-fired furnace so that the metal was 
‘divided from the touch of the fuel’ (by what has come to be known 
as the’ bridge) and was heated and turned to a pasty mass by the 
heat ‘reverberated’ (that is, reflected) from the arch of the fur- 
nace, because of which the iron would pick up much less sulphur 
than in the case of the bloomery process. To provide a better 
contact between the pig iron and the slag and, in consequence, 
to assure that as much carbon was burned out as possible, the 
molten metal was to be agitated with an iron bar. 

The Cranege brothers disclosed their idea to Richard Reynolds, 
Manager of the Iron Works. As Reynold believed, something of 
Special importance for the future had happened. As he wrote in a 
letter, a certain Thomas Cranege, a former workman at the Bridge- 
Port Smithery, and his brother George approached him. While 

al, they told Reyn- 


discussing the smelting of bar iron with charcoal, ti 
olds chat s was possible to make good malleable iron by the use 


of raw coal alone for fuel. Reynolds objected by saying that this 


Couldn't be done because even charcoal entailed noticeable in- 
hich combined with the 


conveniences as it carried alkaline salts w. 
sulphur of the iron and gave it red brittleness, and that raw coal 
many other impurities 


since it contained salts, sulphur and 
nvenient than charcoal. The Cranege brothers 


would be far more inco J 
answered they had made observations and had thought upon 
the subject and were of the opinion that pig iron was turned to 
bar iron by the force of high heat and that they would be only too 
glad to demonstrate that this could be done by the use of raw 
coal. Reynolds gave his consent but, as he remarked, he was 
greatly in doubt as to the success of their experiment. 

1 Reynolds had nearly forgotten 


Several weeks had passed and 
a sudden, Thomas Cranege came 


their conversation when, all of a su 1 1 
from Bridgeport, accompanied by his brother, George. They built 


a smail hearth of their own design and, after several tests, built 
a furnace in which the iron was separated from ‘the touch of the 
fuel’? and was solely heated by the reflected heat. Before long, 
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i ame so overwhelming that it exceeded all expectations. 
‘ha Remolie sated in his letter, the brothers used a very ag 
and rendered it soft and pliable by their method. The is Ta 
Manager was sure the invention was extremely importan 

was determined to solicit for a patent. A na 

As Reynolds summed up, the discovery consisted in that 

reverberatory furnace should be built in a Special way and ecel 
a charge of iron pigs to be converted by the heat of raw coa kv 
an excellent and malleable iron; removed from the furnace while 
red-hot, it could be hammered to bars of various sizes 


and shapes 

as the workmen might wish. d- 

Soon the Cranege brothers were granted a patent for their 
process. 


It would seem that the problem of converting pig iron to mal- 
leable iron had been solved and that the Cranege brothers could 
reap the fruits of their happy idea. However, the history of tech- 
nology has know here the ‘seeds’ were planted by 

ere reaped by an entirely different 
minds are better than one, but the 
oved not enough not only to devise 
: 8 process, but also to make it rou- 
line practice at iron works, The process they had developed never 
left the limits of Coalbrookdale, and the Cranege brothers died 
world. 
a 7 ing. f its pro- 
ponents was Henry Con n ^ nd kept dey eloping. One o P 


glish businessman and works-owner. 
av 


k, Cort fell upon the idea of hollowing 
om of the furnace so as to contain the metal in the 
e. Then by agitating this “puddle” or bath of metal 
; 1€ was able to produce wrought iron. 


à patent for this puddling process. 
ad taken out a patent for a squeezer—a set 0 


with an iro 
In 1784 ] 
year before he h 
rolls intended to Squeeze s] "ball" and to compact 
the metal. Now Cort went further than that: the Xy atent en- 
d the rolling of the Squeezed bal] into what is technically 
nown as muck bars, ' Or puddle, mill consisted of à 
lls whie] 


! had grooves of suitable siapa 
process. Therefore , Promote the practical use of the puddlin 


Y credited with the discovery ° 
Process and not the tanege brothers, Is it just? 
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ren British historians of technology note, there is no consen- 
usd Henry Cort’s contribution to the progress of metallurgy. 
‘of e look upon him asa trail-blazer whose discoveries have been 
hr RE value. Others treat him simply as a plagiarist who exploit- 
is e ideas of other inventors to his own advantage. One thing 
in unquestionable: puddling became a routine practice at iron 

orks only in the wake of Henry Cort’s effort. 
us is true, though, that the spread of the process was to a cer- 
SER degree promoted by a chance concurrence of circumstances 
lich had grave consequences for Cort. Eager to set his process 
Long as fast as he could, Cort borrowed a large sum of money 
Tom a friend of his, who was the Treasurer of the War Ministry. 
tulortunately, the man soon died and, since rumours were flying 
el he had embezzled a whole fortune at the Crown's expense, 
€ Treasury set out investigating his financial activities. Cort 
of his capital was 


Was ordered to pay his debt at once, but all 
ad not yet come to bring in 


beige in the undertaking which had ne 
3ny income. By the Court's ruling, Cort’s property was sold by 
evere punishment, 


auction, including his patents. This was a $ D 
but metallurgists in England and then in other countries obtained 


an opportunity to use and improve the puddling process at many 
Iron works. And who knows? If this hadn’t happened, Cort’s name 


might have never won so wide à renown. ; : 
relieving iron making of its charcoal 


The ; 
bond, Budong Pio Phi in the arm for English industry: the 
iron works stepped up their scale of production and, as a conse- 
quence, the country's iron output grew substantially. While En- 
gland had to buy over forty-eight thousand tons of iron from 
ussia as early as the late 48th century, the figure dropped 


lo one-tenth i h century. 
th in the early 19th ce We Dye SN 

. Soon other countries followed England's suit in building puddl- 
ing furnaces. In 1795, a team of English metallurgists headed 
y Master Walker was invited to the Lugansk Iron Works in Rus- 
facture of pig iron with 


Sia. Their task was to set YP the manu ] 1 
raw coal as fuel and its conversion to malleable iron in rever- 


berator i furnaces. 
At ihe fond President of the Mining Board (set up by 
Czar Peter the Great in 1719 to supervise the Russian mining 
industry) was A. A- Musin-Pushkin, a prominent chemist and 
mineralogist, a man of progressive views, who did much to ad- 
vance metallurgy in Russia. He saw it important to publicise 
the puddling process 0n the largest scale possible. In his article 
published in Prio Journal of the Free Economic Society, the 
d of turning their pig iron into 


Vice-President wrote: “Instea n 
malleable iron in the ploomery; the English have for more than 


a decade now been doing this job in reverberatory furnaces in 


4—092 
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which some have even successfully tried to convert the ore di- 
rectly into malleable iron, and also producing cast steel adaptable 
to forging. I have had an occasion to hear from Walker, a dex- 
terous English foundry-man and steel maker, an explanation of 
how this is done, and believe it worthy of attention for Russia. I 
think it would be well-advised for any ironmaster to receive at least 
a superficial knowledge about the 
then went on to describe the puddl 
ry furnace. As the Vice Pr 
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the metal would sometimes fall short of the n i 
requirements of technology. fais es oa: 
Anyhow, that’s how matters stood in iron making in the mid- 
19th century: the puddling process and, the less so, the bloomery 
process, no longer satisfied anyone because they were slow. 
labour consuming, and producing a low-quality metal, while 
the crucible process, although capable of making a good quality 
of steel, was expensive and could be used on a limited scale. 
Metal-makers kept on looking both for new processes to make 
cast steel on a large scale, and for ways and means of improving 
its quality. Important milestones in this effort were justly the 
works of Pavel P. Anosov and Pavel M. Obuhov, outstanding 
Russian metallurgists, scientists and engineers of the 19th century. 


The Secret of Oriental Steel 


nto the Small Hours of Day — Surprise for 
es— The Sword or the Elephant — Faraday 
on — 'An Ocean to Cross! — Flowers and 
ciation' — World Renown 


The Miraculous Patterns — Well i 
Alexander the Great — Thirty Nam 
Makes an Error — The Anthem to Ir 

Leaves — 'Czar's Appre 


While the 18th century was destined to revive the long for- 
gotten crucible process, it fell to the 19th century, its successor, 
to re-discover another ancient secret lost in centuries—the art 
of making Oriental sword steel the most famous grade of which 
has always been known as Damascus steel or damascene. The 
task which had attracted metallurgists in many countries for cen- 
turies was achieved in the 1830s by Pavel P. Anosov of Russia. 

An orphan from his early childhood, Anosov was put in the 
St. Petersburg Mining Cadet Corps at the expense of the Crown 
in 1810. Later, he would more than pay back the money spent 
by the Czar’s Treasury for his instruction through his valuable 
Contributions to Russian metallurgy. i 

Among its exhibits, the Corps’s Museum had ancient damas- 
cene swords. The inquisitive cadet spent many hours in the 

useum, closely looking at the beautiful patterns on the metal, 
which looked like ripples of water, strands of silk, or bunches 
of grapes. The patterns hadn’t, as the boy knew, been ap- 
Plied by man’s hand—they had appeared of their own accord 
when the sword was hammered. The boy also knew that the 
Most remarkable thing about this wonderful metal was not the 
hich were solely a sort of ‘identity card’, 


beauty of its patterns, Wi 
but the amazing ability of damascene swords and sabres to cut 


4 
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other metals easily wi i y i sharpness. A da- 
ly without losing any of their s A c 

: cene ve amid be bent into an arc, but it would, singing 

mast 


on as it was let free. 


‘material evidence’ (to use the court's 
parlance), the i ly to A. F. Deryabin, Direc- 
tor of the Corps, to report the crime 


5 sons, was able to look into 
the soul of the young offender, “Wh 


he retorted. “His only crime is his desi 
problem, and if he fi 
The director didn’ 


Enraptured, Anosov 


book llurgy that the 
Corps’ library had. e learned tha pedis d 


t it was customary to regard 
» Where high-quality 
ears before Christ. He 
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and a veritable hail of enemy arrows was made of an unusually 
strong metal for which Indian masters were so famous. 

As we know today, small ingots of high-quality Wootz steel 
which looked like flat cookies were made in India well before 
Christ and were carried by merchants to many countries in the 
Middle and Far Fast to be made by their armourers into excellent 
blades. For the buyer to see the merchandise to advantage, the 
merchant would show him a Wootz steel cake cut in halves: from 
the look of the cut a discerning customer could at once see how 
fine-grained the structure of the metal was. 

Moving to other countries the Wootz steel of India would usual- 
ly take on other, local names: the famous Oriental steel has a 
total of about thirty names. The most common ones are ‘damask’, 

g ‘asteel of or as of Damas- 


‘damaskene’ or ‘damascene’, meanin| amas 
cus’, although it could be made elsewhere, not necessarily in 


amascus. : : 

Side arms made of damask were valued high by all nations who 
were good judges of the metal. In India, for example, an eager 
customer would readily give an elephant for a damask sword, and 
elephants were always at a high price there. ; 

: Europeans came to know damask side-arms well after Oriental 
nations. Although some armourers learned how to make swords, 
Sabres and daggers from the damaskene brought in from abroad, 
they failed in disclosing the secret of its manufacture. Centuries 
passed one after another, but the secret of damaskene lost in the 
Orient as well remained an unresolvable riddle. It gave rise to an 
especially great interest after Napoleon had conquered Egypt from 
where he brought a huge number of invaluable damaskene armi, 

Early in the 19th century an English traveller bought severa 
Wootz ingots in India. When he came back home, he presented 
them to the London Royal Society. The Wootz ingots intrigued 
many scientists, among them Michael Faraday, a highly distin- 

: osopher. After a careful chem- 


guished chemist and natural phil : ch 
ical reais he found that the metal carried some aluminium. 


There way of saying if the aluminium had found its way 
into the Wootz eal by chance or it had been added on purpose. 
But Faraday thought—and quite wrongly—that the key to the 
mystery was aluminium, a very expensive metal at the time. 


Th ienti n amount of steel carrying some aluminium 
oe made de. To his great joy, the metal did 


it i bla 
and hammered it into a lly found on damaskene. But his joy 


show t atterns usua 
was ne woy the patterns were soon found to be the only 


good thing about the blade. When put to work, the blade proved 
inferior in some respects even to ordinary blades made of good 


English h t ; ; 
bcn eod on with his experiments, using platinum, gold 
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and silver as alloying additions to iron, but even these noble 
metals were unable to confer the miraculous properties of da- 
maskene upon the steel. Failing to achieve anything, Faraday 
gave up on his metallurgical experiments and took to electro- 
magnetism and electrolysis where he won himself world renown. 


As futile were the attempts to produce damaskene in Germany, 
Sweden, and France. 


It was in those years that Pavel An 
with many centuries’ mystery. In 1817 
Mining Corps with honours. He didn’t hesitate which field of 
metal-making to choose for his future work: all thoughts of his 
were associated with iron. He wrote in his 
“Nature seems to have foreseen 


osov became concerned 
he graduated from the 


taking stud- 


ife. Later, when Ano: ü 
thing to show for his effort in the field he had ee [x ns 
widely known metallurgist, he Wrote, recallin bet or | 
career, that his long sci 


€ the start of his 
ared to him as “an 
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His experiments needed above all inexpensive crucibles of 
high quality. Anosov flatly turned down the crucibles brought 
in from abroad: they cost Russia a pretty penny and couldn't 
be used in the large-scale production of steel for that reason 
alone. He was sure he could find the clay he needed here, in the 
Ural Mountains so rich in all kinds of ores, minerals and rocks. 
But a good deal of time was to pass before the material he needed 
was found. Experiments followed one after another, and one 
failure would lead to just another. Anosov had walked tens of 
miles around Zlatoust before he found what he was after. The 
crucibles he made could stand up to high temperatures for along 
time and their cost was a mere fraction of that of the foreign- 
made crucibles. The time had come to think of how to make steel 
in them. 

As we have learned, Badayev combined the cementation com- 
partment and the crucible compartment in one furnace where the 
two steps were carried out in turn. Anosov went further than 
that by combining cementation (carburizing) and melting in 
the same crucible. Also, counter to the prevalent notion that 
for carburizing the iron must be in contact with powdered solid 
it possible to use the carbon of the 


furnace gases, rather than solid carbon, that is, coal, in order 
to saturate the iron. 


holding the molten metal at the 
‘from the touch’ of the 


the assumption that they wer 


perties and inimitable patterns of dam tu 
sands of experiments, using silicon, manganese, aluminium, 


titanium, gold, and platinum. Finally the young engineer came 
to a firm belief that none of them could turn ordinary steel to 
damaskene: it contained practically nothing else except for iron 
and carbon, and its wavy patterns owed their origin to the crys- 
talline structure of the metal. ; 

Nevertheless his effort was of utmost importance: during his 
experiments Anosov had gathered a detailed knowledge about 
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the effect of many chemical elements on the properties of iron— 
in fact, he founded the metallurgy of alloy steels. 

When he had found that damaskene was merely an alloy of 
iron and carbon, Anosov soon concluded —and very justly— 
that damask steel owed its magic properties to the ratio in which 
the two components were present and, as the metallurgist wrote 
himself, "to the manner in which the carbon unites itself with 


the iron", that is, to the unusual Structure which is typical of 
damaskene and sets it apart from 


his experiments: wood, soot, 
» ivory, millet, and flour, but the metal 
kene. 


cess—all that are known as the process variables loday. Every 


nowadays. 
nths and 


hoice of the components f 
ially pure graphite 


After many mo 
made the final c] 


à Produce damas- 
fine day to Anosov all 
9r a hurricain was 
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the best proof of the metal’s quality. There could be no doubt: 
damaskene of excellent quality had been produced, and the mys- 
tery of many centuries had been unravelled. 

Soon Anosov, already promoted to Chief of the Mining District, 
organized a large-scale manufacture of damaskene, and blades car- 
rying the trade mark of the Zlatoust Arms Factory became far- 
famed. In 1837, two damaskene sabres and a Cherkess sword, made 
in the Urals, were sent to St. Petersburg as a gift to the Czar. The 
Head of the Corps of Mining Engineers conveyed to Anosov “the 
Czar’s appreciation of the first specimens of Russian damaskene 
presented to his Majesty”. Two years later arms and other pro- 
ducts made of Ural damaskene were widely demonstrated in St. 
Petersburg. The experts who tested Anosov’s steel found, for 
“a razor of good Ural damaskene, when properly 


example, that 
as many beards than the best 


made, can shave at least twice 


English one”. 

To pts up many years' studies, Anosov published in 1841 his 
fundamental work, "On Damaskene”, which has become a classic 
publication on the metallurgy of high-quality steels and has come 
down into the world's golden treasury of books on metallurgy. 
It was translated into German, French and other languages at 
Once. Anosov's work was estimated at its true worth by many 
advanced members of the Russian technical community. There was 
à body of opinion among the leading scientists who believed that 
Anosov's “On Damaskene” was the right candidate for the Demidov 
Prize, an award conferred by the Russian Academy of Sciences 
fields in Russia’. 


every year ‘for best publications in various 
ne F “Anosov has been able to 


As one of the reviewing peers noted, ) 
Produce a steel eee all the qualities that are highly appre- 
ciated in Oriental damaskene and exceed all grades of European 
steel which are extremely soft before quenching but become much 
harder than the best qualities of English steel after quenching i 

than once in the Imperial 


Unfortunately, as had happened more 
Academy of Sciences, the award went to someone whose works and 
name soon fell into oblivion, and not to Anosov. Some influential 


‘savants’ thought there was nothing special about Anosov's works. 

any experts outside Russia were, however, of a different opi- 
nion. One of them was the English scientist R. Murchison who 
visited the Zlatoust Works and wrote that it was highly doubt- 
ful that there was, in the world, another factory that could 
compete with Zlatoust in the making of arms. He also added 
that the exquisite things of damaskene he had received from 
Anosov fully justified the praises meted out to him. These articles 
ated with inlaid gold, sent as gifts 


and the steel tray richly decora iu s 
to the authorities of the Russian Mining Board excited general 


admiration in England. 
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i is final years in the Urals, Anosov stood behind the 
dE is make field guns of cast steel. This important engi- 
neering idea was to be followed up later by other Russian me- 

ists. 

Visors to Zlatoust can see a beautiful monument: standing 
on a granite pedestal is the figure of an officer of the Mining 
Engineers Corps, holding in his hands a blade bent into an arch. 
This monument has been set up in memory of the Russian 
metallurgist Pavel P. Anosov. He seems to be about to let go of 
the blade so it could straighten itself with a springy ring. 


The Gold Medal to a Steel Field Gun 


And No Troubles — The Needs of the Russian Arm 
Support —The Czar and the Gun — On the Bank of 
fo Truth — The Star Grows Dark — On the w 


the Salamander 


y — The Project Finds 
the Neva — The Way 
ay Back—The Knight and 


ival in the Urals in the 
M. Obuhov, a prominent 


decay had to be revived. RRO VIE kad fallen into 


Russia was waging the Crimean 
needed arms, shells, and armour. Ob 


steel field guns instead of the antiquated i 
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Realizing how critical and formidable the task facing him was, 
he carried out a host of experiments until he was sure that his 
Steel smelted in crucibles by the new process wasn’t inferior to 
that from Germany or England but was in some respects even 
better. As an expert who visited the Zlatoust Arms Factory at 
the time wrote, “Obuhov’s steel is easy to hammer without de- 
veloping even the minutest cracks, either longitudinal or trans- 
versal, and loses none of its initial properties in the process. 
This is one of its virtues”. 

At first Obuhov used his steel to make cuirasses and rifle bar- 
rels. The cuirasses were much lighter in weight than their pre- 
decessors and no less strong, and the Obuhov rifles could stand 
twice as many shots as those made of the famous Krupp steel. As 
a report from Zlatoust to St. Petersburg noted, Many hunters in 
Zlatoust have now rifles which are made of Captain Obuhov's 
steel. They are highly accurate in firing and strong". — ; 

The Russian Army needed cuirasses and rifles, but it was in 
a far greater need of artillery. Aware of this, Obuhov wrote in 
one of his reports to the Chief Administrator of the Zlatoust 
Works in 1855: “It would be convenient to make field guns of 
cast steel, and they would be Redi Denter in weight, less expen- 
Sive and stronger that those made ol copper... à 

Two ec. later he was granted the privilege of making cast 
steel on a mass scale by the process he had developed, and report- 
ed to the government the plans and specifications of a on 
to make steel field guns. At the time, Krupp sworks in Ger- 


many were already using crucible steel to mae o 3 T 
lar i iching sometimes over twelve tons a h 
ide inde MM buying them. With gun manu- 


countries, including Russia, were 
facture of its own, the country would be able to put an end to 
its dependence on a foreign supplier and to the need to pay a good 


deal of money to German manufact i 
Obuhov's Piot found, therefore, support among many highly 


placed officials at the War Ministry who had learned a good lesson 
from Russia’s defeat in the Crimean War and realized how im- 
portant it was to re-arm the Russian Army. The permission to 
build the works was given, and construction was soon in full swing 
in Zlatoust. In early 1860, the new factory named the Prince 
Mihail Steel Gun Works went into operation and soon turned out 
its first products—four small gun barrels. They were despatched 
to St. Petersburg for tests which were a much greater success than 
had been expected: after several thousand shots the guns not only 
remained intact, wh ch was a major accomplishment in itself, but 
Wouldn't lose none of their firing accuracy. 

Czar Alexander II himself was present at the tests. Before they 
began, as the contemporaries recalled later, he asked Obuhov: 


urers. 
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ts ou sure your gun won't burst?" A little embarassed at first, 
ppt ied firmly: "I'm, Your Majesty!" After a thou- 
sand shots or more, the Czar asked again: *Are you sure the next 
shot won't burst the gun?" The governmental commission includ- 
ed a general who sympathized with Obuhov and was his guardian 
in the high places; on top of that he was known for his cheerful 
disposition. Before Obuhov could answer, the general, with a 
mischevious smile on his lips, asked His Majesty's permission for 
himself and the gun's maker to sit over the gun and to go on 
with the test. Of course, they didn't have to do as the general 
suggested, but the outcome of the test showed they wouldn't 
have risked a bit if they had done so. 

Obuhov's steel passed the test with flying colours 


be said. The Artillery Committee went so far in the 
io write in their findings: 


deed, and his gun has ad 
stronger charges than are 
ductility of the steel are s 


; it might 
ir praise as 
"Obuhov's cast steel is excellent, in- 
mirably passed firing tests with far 
ordinarily used. The toughness and 
uch that the gun has withstood four 
thousand shots without any tendency to burst, and the metal 
has lost none of its quality. The gun delivered by Obuhov is in 


no way inferior to Krupp's guns and it remains only to wish that 
similar guns could be made in large numbers". 


Two years later the now famous Obuhov gun was demonstrated 
at the World Exhibition i 


n London and was awarded a gold 
medal. The gun is still intact and can be seen in the Artillery 
Museum in Leningrad, USSR. Its carriage bears an inscription 
which reads: “Cast in 1860 at the Prince Mihail Works from Obu- 
hov steel. Fired over four thousand shots”. 

The Czar was lavish in po 
gist was promoted to the rank of general and appointed Chief 
Administrator of the Zlat his guidance, 

e Urals kept 


k two full years 
steam hammers, 
Ned steel-makers 
and some specia- 


to erect buildings and to 
machines and other pieces o 
and smiths came from Zlatoust i 
lists were invited from abroad. 

In the spring of 1864 the first large heat was tapped at the 
Obuhov Works, and the metal was cast into seven small billets 
for gun barrels. A bit later, a ] 


arge billet tipping the Scales at 
twelve tons and intended for a heavy gun was cast. Everything 
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seemed to go on well, but troubles began to popping up all of 
a sudden: in contrast to the first light guns made at the Prince 
Mihail Factory, not all of the heavy guns made in quantity at 
the Obuhov Works had high mechanical properties. Some of the 
barrels were able to stand up to thousands of shots while others cast 
of the same steel would blow up on the proving ground when a test 
had just begun. Why was it that the metal behaved so differently? 

Couldn’t it be that the steel was of poor quality and one should 
only wonder why many guns still served faithfully for a long 
time? No, as many chemical analyses and mechanical tests show- 
ed, the steel met all the stringent requirements as to composi- 
tion and properties. 

Obuhov realized that he could only get to the heart of the 
matter through pains-taking and in-depth scientific research, and 
for this he needed money. But his star was growing dark, and 
he could hardly expect to receive any financial aid from the mi- 
litary authorities. Indeed, talk started in the governmental cir- 
cles that the manufacture of steel guns in Russia should be closed 
down and orders for ordnance should again be placed with foreign 
firms. 

Nevertheless, the management of the Obuhov Works was able, 
in 1866, to invite a group of scientists to investigate the causes 
anufacturing process, and to assure 
d other products, which they 


Soon did. (We will go back to this ‘miraculous healing’ of the Obu- 


hov Works a bit later, as 
pact on the progress of metallurgy 
himself had by that time all but re 
fell ill and went abroad for a cure in 


crucible process of steel making an 


Scale production of steel 
When the year 1869 was just a few hours old. — — 
An Austrian expert who visited the Russian iron and steel 


Works on the invitation of the Russian government in 1870 was 
greatly impressed by what he saw: "Indeed, I was pleasantly sur- 
prised to see, both at an exhibition in St. Petersburg and at var- 
lous plants, all the latest advances and innovations in iron mak- 
ing already at work, sometimes so improved that they may as 
well be taken as models for other nations. For example, the ma- 
nufacture of cast steel in large quantities and its use in the mak- 
ing of steel guns, tyres, and other products, with all the necessary 
mechanical devices, at the Obuhov Works near St. Petersburg 
and at the Perm Steel Works may be ranked as equals with the 


famous Krupp Stahlwerke in Essen”. 
The crucible process played an important role in the iron and 
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steel industry in Russia for several decades. 
rifles and armoured carriages, tools and other 
were made of steel smelted in crucible furnaces. It is no chance 
that the best grades of crucible steel in Russia were given the 
sonorous names of Success, Victory, Warrior, Holy Mountain, 
Champion, Salamander, and Might. 

The crucible process to which damaskene owes its re-birth and 
which had a vital bearing on the first steps of cast steel manu- 
facture has left a noticeable trace in the history of Russian and 
world metallurgy. But it wasn’t the crucible that was destined 
to bring about a veritable breakthrough in steel making—this 
was to be done by the Bessemer converter, the open-hearth fur- 
nace, and the electric furnace—all of them invented in the latter 
half of the 19th century. Even today, 


f they support, like the three 
biblical whales, all of steel manufacture. 


Guns and shells, 
critical products 


The Three Whales 


‘Veni, Vidi, Vici’ 
? 


In the Heat of the Crimean War —'To Build a Good Name and Wealth' — 

Bessemer's ‘Sheer Ignorance' — The Eruption of the 'Volcano' — 'There Will 

Be Something to Laugh at’ — ‘To Goal for Manslaughter’ — Millions and 
Millions 


The history of technology knows quite a number of bright 
Personalities, and one of them was, quite justly, Henry Bessemer, 
the illustrous English inventor of the 19th century. His interests 
went very wide indeed, and he was granted over a hundred pat- 
ents in various fields of technology during his life. But, undoub- 
tedly, the most remarkable invention which brought Bessemer 
world fame was related to metallurgy or, to be more specific, to 


Steel making. 
A ty Bessemer had built himself quite a name 


By the age of for a 
as an inventor, but he was entirely indifferent to steel making. 
large artillery shell of a special design, 


So when he invented a f | 
he could hardly expect that the shell was destined to bring on a 


sharp turn in his engineering thinking. 


What 1 d then? Mor 
At the end of 1854 when the Crimean War was at its height, 


the shell was being tested on the Vincennes proving ground in 
France. Captain C. Minié, who headed the expert commission 
(incidentally, he was the inventor of the rifle-barelled gun), 
noted that little remained to be done: it wouldn’t be a bad idea 
to build a gun which could fire such heavy shells as well. 
Bessemer set about to devise the new gun. Obviously, he was 
born with a silver spoon in his mouth: everything he undertook 
would usually be a success. It was no different this time, either, 
although he invented a thing quite different from a gun. i 
The inventor realized that the first thing to do was to find 
a suitable material which would be able to stand up to all the 
strains and stresses arising when a large-caliber shell was fired. 
Cast iron and bronze ordinarily used for the purpose at the time 
didn’t suit Bessemer, and he decided to try and obtain a better 
grade of cast iron. As he wrote later, he hadn’t the slightest idea 
how to go about this new and important problem, but the very 
fact that he was to invent something was enough to spur him. 
He had before him a chance to build a good name and wealth, 
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and he ran the only aes of wasting his time and effort, should 
t end in a failure. 

uE y ended used a small hearth, then a puddle furnace. 
As the inventor recalled later, a noticeable event took place dur- 
ing one of his experiments: he saw that several lumps of pig iron 
on one side of the bath hadn't melted although the temperature 
in the furnace was very high. Bessemer turned on a stronger blast 
to step up the combustion. But when, a half hour later, he looked 
into the peep-hole he saw the lumps hadn't melted all the same. 
As he tried to push the lumps into the puddle with an iron bar, 
the inventor noticed that those weren't solid lumps of pig iron 
but the remaining thin crusts of decarburized iron. This was an 
indication that atmospheric air could completely decarburize 
pig iron, thus turning it to malleable iron without resort to pud- 
dling or any other manipulations. On second thoughts Bessemer 
concluded that if he had means of bringing air in intimate 
contact with a sufficiently large area of molten iron, this alone 
would quickly turn it to malleable iron. 

What events take place in the molten metal when it is brought 
in contact with air? As Bessemer himself believed, the carbon of 
pig iron, when exposed to a white heat, couldn't but combine 
with oxygen and couldn't but burn. It followed then, as he thought, 
that it would be enough to bring the carbon and the oxygen in 
contact so that large amounts of them were involved in the in- 
teraction—this would produce a temperature not attainable in 
the largest of furnaces. Although Bessemer was wrong in believ- 
ing that the largest amount of heat was liberated, on burning, by 


carbon (this is done by silicon as we know it today), his idea was 
basically correct: for molten 


: pig iron to part with its carbon, it 
must be blown with air. 


This brilliant idea which brought about a veritable revolu- 
tion in steel making seemed pre 


many at the time. The first to sh 
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In 1856 Bessemer took out a patent for the most important 
invention of his life—the conversion of pig iron into steel by 
blowing air under pressure through a bath of molten metal. He 
discovered, as hesummed up his invention, that if atmospheric air 
or oxygen was admitted into the molten metal in a sufficient 
amount, it would bring about a strong combustion of metal particles 
and maintain or even raise the temperature to such an extent 
that the metal would remain liquid as it changed from pig iron 
to steel or malleable iron without the use of fuel. 

At first Bessemer used a small vessel to blow molten pig iron 
with air. An attempt to use a larger vessel nearly ended in a tra- 
gic accident. The vessel, or the converter, a little more than one 
metre tall, was made of sheet iron and lined with firebrick. As 
Bessemer would recall later, when the question arose as to the 
best shape and dimensions for the converter, he had very little 
to go by. The only thing he knew was that slag would be formed 
and ejected from all holes during the operation. He thought his 
vessel was large and tall enough, so nothing would fly out of it 
except hot gases and a few sparks. 

However the things took a different course. Hardly ten min- 
utes had passed after the blow was turned on when a jet of sparks 
emerged from the hole in the lid, growing stronger and stronger 
with every instant until it turned into a huge shaft of flame. 
Then loud popping sounds could be heard, and molten metal and 
slag went high into the air. The converter looked very much like 
a volcano during an eruption. ç 

There was no way of approaching the ‘volcano’ and turning 
off the blow, and Bessemer found himself in the position of a 
helpless observer: a fire or even an explosion could happen any 
instant. Fortunately, nothing of the kind happened after all: 
a few minutes later the ‘eruption’ ceased. The metal tapped from 
the ‘extinct volcano’ was malleable iron. 

The excited inventor ventured to repeat his experiment at 
once, having taken, as he thought, adequate measures to contain 
the fiery fountainhead: he suspended the round cast-iron lid he 
used to cover the coal pit by a chain above the hole in the con- 
verter. When, however, the blow was turned on and a new erup- 
tion began, the lid soon grew white-hot and melted. A few minutes 
later the only thing left to remind of the lid was a short piece of 
the chain that had once held it. 

When in the summer of the same year Bessemer came to Chel- 
tenham to attend the annual congress of British industrialists 
where he was to read a report about his process to a serious ga- 
thering of mechanics and metallurgists, he happened to hear an 
iron works owner advising acolleague to attend the morning session 
where he would find something to laugh at—a crank had come 


$—092 
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from London to tell them how to make iron without fuel, 

-ha! : 
ars true—the new process had more than enough of sceptics 
and opponents. It is interesting to note that when Bessemer ap- 
plied for a patent in Prussia, the Patent Office in Berlin turned 
him down for the reason that “nobody could possibly be restrained 
from blowing air through molten metal”. A forcible argument, 
indeed! : ; 

That was how the new process of making steel fought its 
way into industry—a process destined to play a stupendous role 
in the progress of world metallurgy and to glorify the illustrious 
English inventor for ever. It took him several years to refine his 
process. A major advantage of the converter process was that 
it took very little time to reach completion, and this led to a high 
throughput: the converter could turn pig iron into steel in a 
matter of twenty to twenty-five minutes while a puddle furnace 
could do the same in many hours. In terms of quality, too, Bes- 
Semer steel was superior to puddled iron on many counts. 

Worldwide recognition came to Bessemer at the 1862 World 
Exhibition in London where a wide range of products made of 
Bessemer steel were shown. But even then not all manufacturers 
ventured to use the metal produced by so unorthodox a process. 
When, for example, Bessemer proposed to use steel rails instead 
of the usual wrought-iron ones the Chief Engineer of the London 
North Western Railway was extremely categorical in his response: 
he said Mr. Bessemer must be joking—the authorities would cer- 
tainly send him to goal for manslaughter. 


engineer himself, he took a risk. 
m ten tons of the material so that 
rt’s content. And he did torture the 
eel. When he had become sure there 
t to gaol for manslaughter, he went 
of standing up to the most severe 
tests. 


in Paris. 

The correspondent of a Russian newspaper wrote in his report 
from the Paris Exhibition: “There ; y a single country in the 
world, even with an insignifi i y 
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the industry which is now turning out up to 320 thousand tons of 
the valuable metal a year, and for the inventor who is collecting 
up to two million roubles in royalties every year”. 

If we recall that the inventor was far away from ‘big-time’ 
metallurgy just at the end of 1854 and that he took out a patent 
for the process that brought about a revolution in steel making 
in early 1856, we have every reason to apply to Bessemer the 
words once used by Julius Caesar: ‘Veni, Vidi, Vici!’. In 1871 
Bessemer was elected President of the newly organized British 
Institute of Iron and Steel, and in 1879 he became a Fellow of 
the London Royal Society. 

To sum up, Bessemer had built what he had wanted—a good 
name and wealth. But the old age was closing in on him. With 
years the inventor lost interest in steel making and took to unor- 
thodox projects—he could afford them now that he had a plenty 
of money and could let his fantasies carry him away. Since he had 
suffered from sea-sickness from his childhood, he thought of build- 
ing a ship with cabins that wouldn't either pitch or roll. For 
this purpose he devised an elaborate system of supports, suspen- 
Sions and hydraulic devices. The venture that had taken away 
Six years ended in a complete failure and Bessemer suffered a 
sizeable loss. He was as unfortunate in an attempt to build a 
telescope of a size unheard of at the time. Anyhow, steel-making 
problems didn’t interest him any more, but problems did crop 


up, and not small ones. 


The point is that, apart from its unquestionable merits, the 


Bessemer converter had demerits as well. Above all, it couldn’t 
handle just any grade of pig iron. If the pig iron had been made 
from an ore high in phosphorus (and many countries only had 
just such ores!), the phosphorus would pass into the pig iron and 
wouldn't leave it during the Bessemer process. The steel thus 
made was brittle and couldn't be practically used. Also the Bes- 
semer converter could only make ordinary steel (that is, the 
metal good for ordinary uses), but nobody could make in it a Steel 
for critical applications even from the best grades of pig iron. 

Last but not least, the Bessemer converter could only take 
in molten pig iron, and it was beyond its capabilities to turn to 
steel the iron scrap that had accumulated in huge quantities in 


the past centuries. 


That meant only one thing—a new quest for improvements. 
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Heat Goes Back to the Furnace 


On the Way to the Stack— New Prospects— Is Everything Just? — A Pair 
bà Earrings dor Every Sister — The Gates Are Open — Away from the Facto- 
ry's Din — Better Late than Never — The Steel Tombstone 


Bessemer's fame was approaching its zenith when a new pro- 
cess, later called the open-hearth process, was invented in France 
for steel making, which was to crowd the Bessemer process into 
the background several decades later. Its inventor was Pierre 
Martin, a French metallurgist. 

Several years before him, in 1856, that is, when Bessemer took 


out his main patent, the brothers Wilhelm and Friedrich Sie- 
mens*, German engineers, 


melting furnace—by utilizi 
(There is an interesting de 
land and lived in the same 

The regenerative principle, 
following. Before they reache 
the furnace were passed throug 
and gave up some of their he 
the gas flow was shut off at 
through the heated checkerw: 
sorbed some of the heat sto 
entered the furnace to sustai 


* Sometimes the 


P ranstiiar y mers IT names are written as Wiliam and Frederick. — 
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of an iron works at Fourchambot. After a year’s instruction at 
the Mining School in Paris, Pierre, then twenty years old, took 
up a job at his father’s works. In 1854, Emil Martin founded a 
new works at Civray not far from Angouléme and appointed 
his son its director. It was at this works that the open-hearth 
process was born. 

The Martin father and son had begun their attempts to pro- 
duce cast steel by melting a charge of pig iron and scrap on the 
bottom of a reverberatory furnace well before the Siemens bro- 
thers made their invention. However, nothing had come out of 
their attempts because the temperature in the melting space 
wasn’t high enough. The regenerative principle changed ev- 
erything radically. 

From the drawings produced by Wilhelm Siemens, Pierre Martin 
built a regenerative steel furnace, using for its walls and arch 
English silica firebrick capable of standing up to high tempera- 
tures. That was a happy choice of materials—the cast steel made 
in the furnace was of an acceptable quality. In the same year 
Martin took out a patent for the new process in France and Eng- 
land, then several more patents covering the various aspects of 
the process in the succeeding years. 

Is it just to take Martin as the inventor of the new process? Is 
it right to ignore the valuable contribution made by the Siemens 
brothers, especially Wilhelm who did more than Friedrich to 
adapt heat regeneration to steel making? Incidentally, the Ger- 
mans call it the Siemens-Martin process even now. à 

Martin's services are unquestionable. Owing to many years 
metallurgical experience, he knew all the niceties of steel mak- 
ing far better than Siemens did. Indeed, he carried the idea an im- 
portant step forward by proposing to use furnace gases in order 
to heat not only air, as was envisaged in Friedrich Siemens’ ori- 


ginal plan, but also gasified fuel—a thing which had a wholesome 
eff f the process. Nor should we discount the happy 
ooh goign mun MSN from the silica firebrick that Martin 


choi jes: apart 
ico of rafractones PE h of the furnace, he fell upon the idea 


used f lls and arc $ 
or ahe we hich was sintered into the bottom of 


5d using local silica sand w 
the furnace. 
é Martin stressed more than once that he 


On the other hand, : x 
owed a good deal of his success to the heat regeneration principle 


thus i ir due to the Siemens brothers. In fact, he signed 
a number of ogee with Wilhelm under which the latter had 
a share in the royalties and was granted the privilege of build- 
ing regenerative steel furnaces and serving as an official consult- 
ant in matters related to the organization of the process. 

The jury of the World Exhibition held in Paris in 1867 did 


as the Russian saying goes: they gave a pair of earrings to each 
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sister: Pierre Martin was awarded the Great Gold Medal for 
his steel and Wilhelm Siemens, a Grand Prix for his regenerative 
furnace. 
Lasting, as it did, several hours, the open-hearth process was 
a slower one than Bessemer’s, but it produced steel of a higher 
quality. Also, and perhaps more importantly, it offered an oppor- 
tunity to re-melt steel scrap, including the waste metal from the 
Bessemer process, of which quite a lot had accumulated at iron 
and steel works. The Bessemer converter remained unquestionably 
a better performer in terms of rate of production. Thus, the two 
steel making processes complemented each other, as it were, 
and weren’t rivals. 
The open-hearth furnace was indiscriminate towards the charge 
ny pig iron, any scrap, and 
to make a correct choice of 
ited the relative amounts of 


cessary. Also, the open-hearth furn 


all industrial countries wel- 
comed the open-hearth furnace. too, 
c t in the new process. Russia’s 
first open-hearth furnace was bu 


a to live next t lth f 
didn’t treat hi Pn Nene 
Mu at him well too often. Gradually, everybody forgot 
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In the early 20th century, however, the open-hearth process 
outperformed the Bessemer process in the scale of production, 
and Martin again became everybody’s talk. The French industrial- 
ists who had netted fortunes on open-hearth steel decided to 
erect a monument to Martin, thus perpetuating the contribution 
their unjustly forgotten countryman had made to world metal- 
lurgy. They made inquiries about the dates of his life so as to 
time the event to some anniversary. How great their surprise was 
when they learned that Pierre Martin was still alive but was 
living in poverty. 

In 1909, the association of French metal-makers held a festive 
meeting in Martin’s honour. The 85-year-old hero of the festivi- 
ties was invited to sit on the podium, next to the owners of big 
iron and steel works, leading scientists, and top executives from 
major iron and steel companies. Many good words were spoken 
about him, and many greetings came from other countries. Mar- 
tin was awarded a memorial gold medal on behalf of the world 
metallurgical community, and the French government conferred 
upon him the officer’s cross of the Legion of Honour. Well, better 
late than never. And the two hundred thousand francs collected 
for the poor great old man by international subscription came 


in good time, indeed. 
. But there was more 
ices. In 1915, the Britis 
the Bessemer gold medal u 
discoveries and inventions 1n 

Fame seemed to have real 


to come in recognition of Martin's serv- 
h Institute of Iron and Steel awarded him 
sually given to mark outstanding 
the field of metallurgy. 
ized its guilt and was in a ded to 
confer upon the remarkable French inventor ever more honours. 
But his life was drawing to an end: on May 25, 1915 Pierre Martin 
died at the age of ninety- A massive slab of excellent open-hearth 


Steel was put on his grave. 
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Chan i to Itself— In the Police Court — The Beam of Light 
in the Remains nnar Where Is the Rub?— The Table of Ranks — Don't 
Right Course — Events in Paris — Aston Becomes 


Be i —On the 
a Manne wiles "Won ihe Battle Splendidly" — The Strong Competitor 


The open-hearth process brought with it an opportunity to use 
the iron scrap that had accumulated over centuries. But the prob- 


lem of using pig iron high in phosphorus in the Bessemer converter 


remained as unresolved as ever. 
Attempts to crack this hard nut were made by steel-makers in 


England, France and Germany. The Germans were especially 
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i i ch a process because when God created the world 
ae) pers ines, what fell to the lot of the lands that 
later made up the German state were iron ores high in Dios pions, 
A sad joke was current among German iron-makers, saying get 
their iron ores were so rich in phosphorus that they were all bu 
glowing in the dark. German industrialists were forced to buy 
iron ore low in phosphorus from their foreign competitors, a fact 
which obviously didn't help metallurgy in the country. à 

Chance, as you may have noticed, had since long been playing 
into the hands of English metallurgists. Recall Huntsman and 
Darby, the Cranege brothers and Cort, Cowper and Bessemer. 
Now chance chose to turn its eyes on one more Englishman. 

He was Sidney Gilchrist Thomas born in 1850, or six years before 
the Bessemer converter first appeared on the scene. In just few 
years their fates were to be interwoven closely, and Thomas was 
destined to expand the capabilities of the Converter, and it was 
to bring world-wide fame to Thomas. 

As a youth, Sidne 
his dream to be a ph 


gave up his thoughts of education. 
Soon he could be see 
ing School, listening to 


ng taking place in any 
ased on chemical laws. 

el making that probably played 
Scored by Thomas when he set 
about to tackle the metallurgical problem so urgent at the time — 
removal of phosphorus from the metal in the course of the conver- 
ter process. 


erter: the phosphorus would 
€ was a basic slag next to it 
ather than acidic oxides) and 


agree to leave the metal only if ther 
(that is, a slag consisting of basic r 


The New 'Attire' for the Converter 78 


this, in turn, required that the refractory lining of the converter 
should likewise be basic or else it would be eroded and fail. 
With all of these requirements satisfied, the naughty phosphorus 
would be oxidized as the pig iron was blown with air and would 
form with the components of the slag a union so strong as to be 
unresolvable. It seemed clear what to do, but, as it turned out, to 
do this was not at all easy. Where was the rub? 

It was simple enough to *build up' a basic slag, but nobody could 
find for a long time a suitable basic refractory material for the 
walls of the converter, a material that would be able to stand up 
to all the thermal and chemical consequences of the blow. 

The lining used in the Bessemer converter and the open-hearth 
furnace was made of sand, or silica, which is a base. The material 
was good enough to bear the brunt of the smelting operation, but 
it obviously wasn't a match for phosphorus. There was a hope that 
the treacherous enemy of steel could possibly be overpowered with 
magnesite, limestone, or dolomite, each made up of basic oxides, 
but experiments made one after another left the problem unre- 
solved. Either the lining wouldn't be staunch enough and would fail 
or, on the contrary, it would be too staunch and the phosphorus 
would stubbornly refuse to leave the metal. i 

That was how things stood when a firework of sparks was first 
seen in the twilight of the London basement: working alone or, 
sometimes, in company with his cousin, Thomas tried one charge 
of pig iron after another. The lining he used was a mixture of 

ter glass. Even the first results were 


crushed limestone and wa : 
encouraging. However, the ‘small laboratory vessel which could be 


called a converter only by a stretch of imagination was one thing, 
and a commercial converter capable of holding tons of hot metal 
was quite another. The cousins were able to talk the owners of the 
works where Percy was employed into letting them carry out large- 
scale trials. The converter they were allowed to use was a relative- 
ly small thing—it could hold a mere 150 kilograms of charge, 
but it was a commercial converter, all the same. 

Ignoring his poor health and severe cough (the hard years of 
work and study coupled with scanty food and a damp basement 
had spurred an early tuberculosis), Thomas wouldn't leave his 
converter literally for an instant. He made ten heats and was 
finally able to reduce ge modus content of the steel to 
jus hs of one percent. 

; Mio. 2 Xia oan of other metallurgists had failed al- 

though they did the same and the success came only to him? 
ne cause was this. The impurities present in pig iron don't 
when the pig iron is blown with air, 


urn j time, 
aha ee a kind of table of ranks which is based 


ut do so according to 
on the chemical properties of the elements and, above all, their 
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affinity for oxygen. Nobody can violate this order. Of all the ele- 
ments present in pig iron, the unquestionable right to burn first 
goes to silicon. It may then be followed by manganese and, in part, 
by iron itself. That’s when the turn of carbon comes, and it throws 
itself in the flame’s embrace at once. 

Gradually, the supply of carbon is running short, and the con- 
verter fire begins to subside. It was at that instant that most steel 
makers would turn off the blow both in the Bessemer process and 
in many trials involving pig iron high in phosphorus. They per- 
haps reasoned like this: since the flame was subsiding, it was an 
indication that all that could burn had already burned, and there 
was no sense in blowing the metal with air any longer as this 
might cause the iron itself to burn. This kind of reasoning was valid 
for the Bessemer process, but those who wished their steel to get 
rid of its phosphorus oughtn't to be in a hurry. 

That's where the rub was. When the impatient steel makers 
turned off the blow, it wash't yet time for the phosphorus to be- 


come oxidized. With the blow turned off, however, it remained 
intact. Thomas thought differently and went on with the blow. 
Now the turn came for the p 


hosphorus to add ‘wood’ to the fire. 
It was found that, on burning, 


Phosphorus gave up a lot of heat 

(it reacts exothermally, as chemists would Say), being second in 
this respect solely to silicon. 

True, it was hardl 
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year 1878 has come down into the history of steel making as the 
year of the birth of the Thomas-Gilchrist process*. 

Few people knew about Thomas’s experiments. It was small 
wonder, therefore, that Professor Bell, a Fellow of the Royal 
Society, speaking at a meeting that the British Institute of Iron 
and Steel held at the Paris World Exhibition just a few days after 
Thomas had taken out his patent, declared bluntly that the pro- 
blem of phosphorus removal (more known technically as dephos- 
phorization) hadn't yet been resolved. Thomas who had also come 
to Paris made an attempt to raise an objection during the discus- 
sion, but the ill-looking, skinny man in shabby clothes could hard- 
ly evoke sympathy with the prosperous public. Indeed, his claim 
to confront the famous Bell himself made angry some of them and 
set laughing others, but nobody approved of his action. In short, 
Thomas wasn't allowed to take the floor. _ ; 

Among those present at the meeting which literally put a gag 
in Thomas's mouth was the venerable Bessemer. Fate sometimes 
makes strange turns and moves: could the inventor of the conver- 
ter, who had failed to conquer phosphorus, think at the time 
that a few years later he would award the gold medal bearing 
his own name to Thomas, then already famous as a man who had 
delivered the converter from a grave shortcoming and supplied 
Steel makers with a reliable remedy for phosphorus disease? 

But recognition was yet to come to Thomas, and now he was 
engrossed in trials on a large converter capable of holding several 
tons of hot metal. One heat followed another and still another. 
Thomas carefully analysed his findings, made whatever adjust- 
ments he thought were necessary, and applied finishing touches 
to his process. There could be no doubt: at mom could resolve 
th horus on a commercial scale. 

P Problem gues Rne attempt to report his findings to the 
luminaries of metallurgy. In September 1878 he went again to 
Paris where the World Exhibition was still under way and where 
the British Institute of Iron and Steel was to hold its autumn 
session. Quite a number of papers were read there, and lively 
discussions took place in the lobby, but nobody wanted to listen 

of the most urgent problems of metallur- 


to Thomas’ ort on one : 
gy it the hes for ‘lack of time’ his report was removed from 


the agenda and shelved until the next session of the Institute. 
Well, let it be the next session. Nature had been stingy in giv- 
ing Thomas poor health, but it had given him a lot. of brains, 
Patience and perseverence. Nor did Thomas waste his time on 
trifles. The manager of the works at Aston where big Bessemer 
converters had recently been built took justified interest in the 


ee 
* Tronically, it is more widely known as the basic Bessemer process. 
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young inventor or, rather, in his process which held promise of 
sizeable benefits. Thomas was offered a new opportunity to bring 
his process to perfection on a commercial scale. In the spring of 
1879 Thomas took out a patent for an improved embodiment of 
his process. Now that he had carried out his last trials at a well- 
known works and they had been given wide publicity, his report 
at a session of the British Iron and Steel Institute was received 
with due attention. The conference hall was capacity full of top 
executives from many metal-making companies all over Europe. 

Thomas's public appearance ended in triumph. Soon prominent 
industrialists were offered an opportunity to see his invention in 
action: the management of the works at Aston invited them to 
watch the converters in operation. For some time, Aston looked like 


a Mecca for metallurgists from many countries. Several months 
later two works in G 


e rails could satisfy the most exacting 
customers. 


Obscurity and poverty now 


belonged t. 
inventor had to beat oif quit nged to the past, although, the 


e : e a number of attacks by his com- 
D ME h X rity, the novelty of Tie inven- 
ion and, erelore, his right to receive i 

that some details of ‘the process h iiie Tor apiece 


nces from Thomas, 
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But, unfortunately, he couldn't get rid of his own ailment. Noth- 
ing came out of his voyages for a cure to Australia and Africa. 
After a short but illustrious life, Thomas died in Paris in 1885. 
The inscription on his tombstone reads that he won the battle 
splendidly. 

By the end of the 19th century the Thomas converter had left 
far behind the open-hearth furnace in terms of the scale of produc- 
tion and remained second only to its elder ‘brother’, the Besse- 
mer converter. Since high-phosphorus iron ores carried a lower 
price, Thomas steel was cheaper to make than Bessemer or 
open-hearth steel. In terms of quality, however, open-hearth steel 
was better than that produced by the converter process because it 
contained a high percentage of nitrogen left over from blowing the 
metal with air. Phosphorus, too, sometimes let itself be felt. 
Because of this Thomas steel had many opponents, especially in 
the inventor's own country where the problem of phosphorus 
wasn’t so acute as in, say, Germany. Indeed, Lloyd's, the society 
of underwriters in London, even raised the rates of insurance 
for the ships built from Thomas steel. 

In the early 20th century, the open-hearth process came to the 
top of the list of steel-making processes, and the Thomas process 
was falling into the background. Doesn't it seem that Thomas's 
contemporaries were too much in a hurry when they hailed his 
services? The answer is ‘No’. In the opinion of John Bernal, a pro- 
minent British scientist and public figure, the authour of many 
books on the history of technology and the role of science in 
society, Thomas’s invention was a scientific one from start to end. 
He also notes that Thomas's work set the standard for scientific 
research in manufacturing for the next century. The significance 
of Thomas's invention for metallurgy goes beyond the limits of 
the converter processes: the basic lining he proposed for the con- 
verter came to be used in the open-hearth furnace as well and made 
it more versatile and flexible. Quite logically, in the years that 
followed the inventor’s death nearly all open-hearth furnaces 
Switched to the basic process, leaving the acid process for a lim- 


ited ces. A sp 
range of furna w both a stiff competition between 


T. entury sa 

the eluna a aa weer oe processes, and the advent of another 
Piece of steel-making plant which offered metallurgist an oppor- 
tunity to produce steel of an extremely high quality. This piece 
of plant was the electric arc furnace. The flame that had been the 


sole owner of all rights in the smelting of metals faced a strong 


competitor—electric current. 
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Lightnings in the Furnace 


i Off the Stage — A Jinnee in Captivity — The Century-Long Road — 
est n Case — The Barrier is Liffed — At the Turn of the Century — What are 
Spices for? — During World War | 


Time hasn't been so favourable to the inventors of the electric 
steel-making process as it was to Bessemer, Martin or Thomas 
whose names given to processes and steels are known today to any 
metallurgist and, indeed, to any one interested in the history 
of technology. The electric Steel-making process has remained 
nameless although it has been more fortunate than its predecessors; 
since it was first proposed, it hasn't practically changed: its 
position is as strong as ever and it has bright prospects ahead. In 
contrast, the Bessemer and Thomas processes have played their 
roles and gone off the metallurgical Stage, and the open-hearth 


process, with its haydays already far in the past is about to follow 
their suit. 


'gery (later elected a member 
iences). 


and zinc discs’. 
A year later he published his findi 
Galvani-Volta Experiments”, Spese 
Melting and Burning of M 
ubstances, and on the Conversi i A 
Metals through the Agency the Galy oome Metallic Oxides to 
electric current), he wrote: 
with glass legs two or three 
light when acted upon by t 
move the charcoal pieces c 
metal guides connected to 
See between them a very bri 
said carbons to go ablaze sooner 


In one of its chapters, entitled “On 
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ing a dark room brightly”. It’s a sure bet that the reader has guess- 
ed what's it all about: Petrov was the first in the world to produce 
an electric arc (or the Volta arc, as it was called at the time). 

The scientist felt that electricity wasn’t unlike a mighty, but 
submissive jinnee held in captivity in a corked bottle. It remained 
only to set it free and to guide its ebullient energy into a proper 
channel. But how could that be done? In his search for an answer, 
Petrov re-arranged his experiments in various patterns. He re- 
placed one of the carbon electrodes with a metal one and kept close 
watch on how a particular metal behaved under the action of the 
electric arc. He came upon an intriguing finding. As he wrote, 
“a flame of varying brightness” appeared between the electrodes, 
and this flame “caused the metals to melt, sometimes at once”. 

As an outcome of his experiments, the scientist found that the 
electric arc offered a possibility to produce metals from their com- 
pounds, that is, to extract them from suitable ores. As he wrote 
in the same chapter, “Finally, using the flame accompanying the 
flow of the Galvani-Volta fluid from a huge battery, I tried to 
convert the red oxides of lead and mercury and also the grayish 
oxide of tin to metallic forms. When the said oxides were mixed 
with crushed charcoal, tallow and expressed oils, and these com- 
bustible substances were burned, the oxides sometimes took on 


a true metallic appearance”. à l ; 
the idea of using an electric arc 


That's how Petrov fell upon l ric. 
for metal melting and metal extraction from ores. But his idea 


Was to travel a century-long road from inception to practical use 


In steel ing. AR 

In 1853. or By years after Petrov had made public his findings, 
à patent was granted in France for an electric furnace intended to 
make steel. Curiously, the patent envisaged, in addition to a lar- 
8e battery, the usual firebox—a century-tested and reliable source 


of heat. ( 
Another quarter of a century had passed before Wilhelm (or 
William) Siemens designed an electric furnace in which he was 
er—to extract iron from ore. His fur- 


able—for the first time ev f 
nace was, however, far from perfection, and the iron thus produced 
carried so much of objectionable impurities that its practical use 


was out of the question. Nevertheless, his work drew the attention 
of the technical community all over the world. As a correspondent 
of the Electricity Journal wrote in 1880, “Does the Volta arc pro- 
duce enough heat to melt large bulks of metal? This question 
has of late been answered by Siemens’ interesting work. During 
Our recent visit to London we were eye-witnesses of how over 
à pound of steel was melted in less than five minutes by the heat 

current. The electric hearth will un- 


generated solely by electric 1 i 
doubtedly hold a prominent place in chemical work, in the melting 
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of precious or refractory metals and in some other cases where eco- 
nomic considerations are of minor importance, and its role in 
the future will only grow in importance”. 

In 1891, N.G. Slavianov, famed for his invention of electric 
arc welding, was first in the world to use small crucible furnaces 
fitted with electrodes to melt steel and some other metals in 
Perm where he was Chief of the Gun Works. 

Another man who did much in this field was Henri Moissan, 
a French chemist and metallurgist. He spent several years building 
a laboratory electric metal-melting furnace which was presented 
to the Academy of Science in Paris in 1892. An unquestionable 
merit of his furnace was that it could raise the temperature to as 
high as 4000*C. Later, in 1906, Moissan was awarded the Nobel 
Prize for his studies and a method for the extraction of fluorine 


and for a scientific application of the electric furnace known by 
his name. 


side the electric furna iall 
favourable (a temperature of as high as 5000°C 2g tha ain ipee 
a reducing atmosphere), metallurgists were now able not only to 
rag Impurities, but also to make alloy 
aining a wide range of quality-im proving 
tions like? 
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vanadium, zirconium or other element is added to it. Most of 
these elements melt at a higher temperature than does iron, 
therefore it is the electric furnace alone that can provide a suita- 
ble dedi for these refractory ingredients to be added to the 
metal. 

Metallurgists and mechanical engineers were quick in taking to 
electric steel. Early in the 20th century electric steel furnaces 
were installed in Germany, Sweden, Britain, the United States and 
some other countries. In 1910, two such furnaces brought from 
abroad went into operation in Russia, one at the Obuhov Works 
in St. Petersburg and the other at the Iron and Steel Works in 
Makeyevka. 

The demand for electric steel truly sky-rocketed during World 
War I when large quantities of high-quality steel were needed to 
make artillery pieces, armour and similar products. Towards the 
end of the war, electric steel output was many times the pre-war 
ligure. Although its share in world steel output remained modest, 
metallurgists were aware of the bright promise held by the electr- 
ic furnace in which the metal is melted by man-made lightnings. 
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How ' dened — The Ram, the Goat, or the Red-Haired 

Boy? SR Sware Nel in Life— Where to Begin? — The Flash 

That Lasted a Wink — Two Points More — The King-Sized Crystal — Hero- 
strale's Laurels —'| Take It My Duty...’ — The Unfulfilled Mission 


rly smelting pits to our time, 
metallurgy has been in a never-ending search for ever better 
Ways ox coat of making and working metals. Until about the 
mid-19th century, it was, in effect, a blind search: ‘experience, an 
offspring of grave errors’ was the only and not always a reliable 
tool of learning that the metallurgists had in their possession in 
the past, forced to proceed by trial and error. There was an acute 
need for a ‘compass’ by which metal-makers could take their bear- 
i P ew discoveries and in their inquiry into 
the m flame-sustained processes. Such a 'compass' 
rp en lied by the science of metals. ! 
Even i i times metal-makers knew that the properties of 
à metal di cw deri on its nature and on the way it was treated. 
Some fifte D hundred years before Christ an interesting observation 
em de of a carburized iron was raised 


Was made: an article made ot raisi 
toa DE P M cooled rapidly in water or some other liquid, 
it would become very hard and strong. This is hardening—an im- 


Portant form of heat treatment for steel even today. Nobody could 


$—092 


Over millenia, since the ea 
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explain at the time why raising to a red heat followed by rapid 
cooling, or quenching, produced a harder and stronger metal, 
but there were quite a number of prescriptions how to go about 
it: almost every master had a secret of his own. This is what has 
been found in the chronicles of a temple in Asia Minor, dating 
back to the 9th century B.C.: “Heat the dagger until it shines like 
the sun rising in the desert, then quench it by thrusting it into the 
body of a muscular slave until it takes on the colour of royal 
purple. As it passes on to the dagger, the slave's strength makes 
the metal hard”. 

A different ‘know-how’ was used by Damascus armourers who 
made their famous steel blades as early as the end of the first 
millenium before Christ. As the legend goes, they hardened their 
blades in a mountain gorge where Strong winds blew. It was 
believed that the winds passed on their strength to the blades. 
Smiths in ancient Georgia hardened their steel articles in a simi- 
lar way. 

To believe Shakespeare, Otello’s sword w 
cold as ice. 

However, many masters believed that such simple quenching 
media as water and the wind were obviously not enough to assure 
high qualities, and proposed their own approaches, more elaborate 
but, as they thought, more efficient. One was described by Theo- 
philus, a medieval German writer: "Take a three-year-old ram, 
fatten it tightly, and leave it unfed for three days. On the fourth 
day, feed it with fern. After two days of such feeding, place the ram 
ae 2 night in a cask with holes made in its bottom. Place 

vessel under the cask to collect the ram's urine. Remove the 
urine thus collected in a sufficient quantity Over, two or three 
nights, and quench the tool in Said urine", 

NR Task pi knowledge or from lack of a ram, some 
à goat; still others thought it was a good idea to do 


M oe dre dg boy, preferably a red-haired one. 
A 1t might sound, but there was som in these 
prescriptions: urine and other : S reason in 


) salt solutions absorb the heat from 
the white-hot metal faster than does the coldest water. Having 
not ced, (BUSY by pni this trait of salt-bearing liquids, 
va. metallurgists indulged in variati i d 

were sometimes highly successful, iia cee E 
In the 18th Century, iron-mak 


as hardened in a stream 
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horn and salt in boxes and held in a furnace without access of air 
at a high temperature. Thus treated, the steel was then quenched 
in the usual way. 

Nobody knew at the time what happened to the iron held in 
company with cattle horn in the soaking boxes. And what happen- 
ed was nothing but nitriding, or surface impregnation with 
nitrogen. It is interesting to note that even today steel articles are 
nitrided by immersing them for several hours in a melt of potas- 
sium ferrocyanide obtained from horns and hoofs as they are 
heated in a mixture of iron filings and potash. 

While using various prescriptions in their practice, metal-makers 
have always been trying to explain them and to get insight into 
the events. As early as several centuries ago, alchemists (who were 
mainly responsible for metal making) tried to lay a scientific foun- 
dation for metallurgy. A ‘valuable contribution’ to the science of 
metals was made by Magnus, a 13th-century alchemist, who is 
credited with the following theoretical ‘discovery’: "Steel is no- 
thing but iron, only much cleaner because the watery part of the 
iron is removed by distillation; also, steel is harder and denser 
than iron owing to the action of fire; it becomes the stronger, 
the oftener it is heated. Steel becomes whiter due to the separation 
of earthy impurities, and when it becomes too strong, it cracks 
and bursts to pieces under a hammer because of excessive dryness”. 

In the mid-19th century, such unorthodox ‘scientific’ views 
would have sounded strange, to say the least, but the essence of 
the events taking place in the metal, notably steel, remained 
a mystery. This is what the author of a book published in Germa- 
ny i wrote: 

y in about those years ty of steel, owing to which it is 
indispensable in the manufac 
that it can acquire softne f 
agen in tempera 
is hesked leg peut to cool slowly, steel becomes perfectly 
Soft and can be worked as easily as the softest iron. If, on the 
other hand, steel is heated and rapidly cooled by, say, immersing 
it in cold water, the metal acquires So high a hardness that even 
the best file can’t work it. However, So hard a steel can, by heating 
it slightly (that is, by tempering) be made to lose its brittleness 
and to acquire the desired degree of hardness. When heated to 
less than a white heat, steel will not harden even when quenched 
in cold water, but, on the contrary, becomes surprisingly soft. 

he technicians use all of these findings to achieve various goals 
and techniques of quenching are chosen to suit them. The English, 
or example, kept quenching in molten lead or tin a secret for 
along time What happens in the steel as it softens and is heated 

as not yet been explained theoretically". 
6» 
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The above passage comes from a German book, “The Exploits 
of the Human Mind" which was translated into the Russian 
and saw the light of day in St. Petersburg in 1870. About 
the same time the human mind had performed another exploit: 
in 1868, Dmitry K. Chernov, an outstanding Russian scientist, 
unravelled the mystery of steel, determined the temperature 
points at which steel undergoes structural changes on heating 
and cooling, and described in rigorous scientific terms "what 
happens in the steel as it softens and is heated". 

After he had graduated with honours from the St. Petersburg 
Practical Institute of Technology, Chernov was sent to work in 
the mechanical shop of the Imperial Mint where his father had 
been a physician's assistant at the local hospital for many years. 
The young technologist, or a 'conductor, first class', as he was 
officially named in his papers, noticed an intriguing thing: some 
dies that made coins would last tens of hundreds of operations, 
while others made of the same hardened steel would develop 
cracks in just a few strokes. Why? 

Chernov was unable to answer the question at the time. Also, 
Ilya P. Chaikovsky (father of the famous composer) who was 
Director of the Institute of Technology, and did much to promote 
mining and metal-making in Russia, obtained from the Finance 
Ministry which was in charge of the Mint the permission to trans- 
fer Chernov back to the Institute "to compile a systematic cata- 
logue of the machines, tools, and other devices held in the Technical 
Museum, and also to teach mechanical drawing". This change in 
his life made Chernov happy: he had before him an excellent 
opportunity to expand his knowledge—a thing he was after all 


his life. True, he was less happy about the prospects of teaching 
mechanical drawing, but some time later he was appointed assis- 
tant curator of the Museum and librarian. 

The Institute's large library had a wealth 
metallurgy and mining, and its recen 


Several years passed. In the meantime, th Md 
accumulated a substantial store of thearetical kiosa s i Ars 
had a flair for practical activity, and so in 1866 he dum 1 
accepted the invitation to take up a job at the recentl va 
Obuhov Works. As a member of an e y ou 


: , Xpert group, he SEM 
nose the 'illness' that had spread in the aen s on aa 
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guns. For some reasons nobody knew the Works’ products were 


amazingly inconsistent in properties: among excellent guns capa- 
ble of firing thousands of rounds, there were units that went to 
Pieces at the first shot on the proving ground. 

That was the first assignment the young man was to tackle at 
the Obuhov Works. It wasn’t unlike the one he had handled 
when he was with the Mint. What was to be done first? 

As Chernov would recall later, he was set on a correct course by 
his study into the structure of many guns—both those which had 
had a long service life behind them and those which had burst 
after a few shots. He spent many days and even nights at the 
Works, pains-takingly examining with a magnifying glass the 
metal where it had burst, viewing microsections in a microscope, 
and testing steel specimens in the chemical and mechanical 

s able to establish a well-defined rela- 


laboratories. At last he wa 1 e 
tion: the stronger pieces of steel were those which had a fine-grained 


structure. And the best guns, too, were made of fine-grained steel, 
while the burst barrels showed a coarse-grained fracture. But the 
e in both cases. Therefore, it was 


chemical analysis was the sam : 1 
necessary to find why it was that steel had a fine-grained structure 


in some casesand a coarse-grained structure in others, a fact which led 
to flaws in the metal and, sometimes, to deplorable consequences. 

Chernov switched his attention to the smithery. It was there 
that the steel foundry sent its massive steel ingots and it was 
there that a powerful hammer turned them into billets. After ham- 
mering, the billets were quenched in water and passed on to the 
next shop to be machined into gun barrels. - . 

But before the huge hammer of many tons in weight came down 
On asteel ingot, the latter was re-heated inasoaking pit to make 
it softer and more manageabie. How much should the ingot 
be heated in the soaking pit before forging? Instruments to measure 
high temperatures were non-existent at the time (the thermoelec- 
tric pyrometer was invented by Le Chatelier, a French scientist, 
in 1885), and the smiths estimated the temperature by eye, from 
what are known as ‘heat colours’ and which range from an incipient 
red heat to a dazzling white heat, as the temperature of the 
metal i i 

E ADM e soaking pit for hours on end, noting 


Chern ld stay at th [ 
all iita ie tho plonk of the hot metal. Before long his observ- 


ing eye acquired the knack of telling the amount of heat an 
ingot had received more accurately than the most experienced 


masters . But couldn't it be that the crux of the matter 
o aae ts received but in the loads they had to 


was not in the heat the ingo 

bear in the course of forging? There was a school of thought at the 
time which maintained that the fine-grained structure could only 
be obtained by heavy forging. 
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Chernov made simple but accurate tests which he described 
nearly a half-century later: “The tests ware carried out as follows. 
We took a bar of steel and cut out of it at different places several 
specimens for mechanical testing. Although in practice the metal 
is soaked before forging, we didn’t do that so as to exclude the 
effect of temperature, and forged the specimens with a heavy 
hammer operating at a high rate to a different thickness within 
the various portions along the specimen. There was no difference 
in temperature between the ends. The structure was examined 
with a magnifying glass, and I noticed no difference in metal 
constitution at any section. Also, I found that the steel hadn’t 
become denser—it had the same specific gravity at any point 
along the forged specimen. Then I did the same kind of forging at 
different temperatures. This produced a noticeable difference 
in structure, readily seen in a magnifying glass. From what I had 
seen, I concluded that the changes in structure should be 
ascribed to the effect of temperature and not to forging. I also 
found that this change in structure would take place not at just 
any temperature but at some particular point which was different 


Írom steel to steel. Now the task was to determine these points for 
all grades of steel". 


"To find these points". Today, this can readily be done by any 
metallurgical student who has an array of instruments at his dis- 
posal, but over a century ago the task was one of hardly managea- 
ble difficulties. Time and again Chernov heated and forged steel 
Specimens, cooled and tested the metal, while keeping a close watch 
on it at every stage of the experiments. One day. when an ingot 
was slowly cooling in the air, Chernov noticed an intriguing 
thing: at some instant the slowly darkening metal was suddenly 
lit up by an internal light. The flash lasted for not more than an 
instant, and the metal went on cooling off and darkening as if 
nothing had happened. Couldn’t it be just the trick of his eyes 
tired of tlie permanent strain? Chernov made experiments one 
after another, and each time the Steel seemed to signal him about 
something. But what was this ‘something’? 

Nothing could be learned about the mysterious flash from the 
old masters who had worked in the smithery for decades: they 
either didn’t notice any flash at all or dismissed it as something 


Chernov hypothesised that the flash occurred just as the cooling 
steel was passing through some Point on the temperature scale, 
where some change took place in the metal. A new problem faced 
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the investigator: he was to find what change it was. In an attempt 
to solve it, he compared two forgings: one which ‘flashed’ before 
quenching, and another which was dipped in water before the 
flash. The subsequent mechanical tests showed that the first 
forging didn’t become any harder—it had refused ‘to take the 
quench’, while the second did become harder. On repeating the 
experiments many times, Chernov was convinced that there was 
some regularity in the metal’s behaviour. 

He went on with his experiments, trying to establish the rela- 
tion between what he first called the ‘particular’ point and the 
size of the grains that make up the structure of steel. And again 
he was engrossed in observations, hypotheses and tests which fi- 
nally led him to the discovery of another point on the temperature 
scale, at which another important change took place in the metal. 
To distinguish it from the first, or ‘a’, point, he called it the ‘b’ 
point. Later, a third, or ‘ce’, point was discovered at which the 
metal changes from the solid to the liquid state. 

The critical ranges (the critical points) discovered by Chernov 
(and called the Chernov points in Russia) are the cornerstones of 
the theory of the heat treatment of steel. Neither metallurgy nor 
mechanical engineering could today do without hardening, tem- 
Pering, annealing and other forms of heat treatment. | 

How can we define these points that dotted the I’s in the nu- 
merous discourses and disputes about the events occurring ‘inside 
the steel as it softens and is heated’. This is what Chernov him- 
self wrote about them: “However hard it may be, steel heated to 

elow the a point doesn't harden, however rapidly it may be 
quenched. In fact, it becomes much softer and easier to work with 
a file. When heated to below the b point, the steel doesn't change 
ils structure, no matter how rapidly or slowly it is cooled after- 
wards. As soon as the temperature of the steel rises to the b 
Point, the bulk of the steel rapidly changes from a grained (or, ge- 
nerally speaking, crystalline) state to an amorphous (wax-like) 
State in which it remains on further heating to its melting point, 


ite c point". AR 

Shernov’s findings had vatua a 1 

point d dtellurgisté to determine the hardening tempera- 
the b point proved a reliable guide in 


ture of ly, and 
steels correct y tructure of the metal. If a steel article 


the w. ing the s 
was tome a e rained structure assuring high mechanical 
Properties, the metal should be heated to or slightly above the b 
Point and then rapidly cooled, or quenched. 

Chernov's discovery had an important impact not only on the 
Obuhov Works which was thus able to eliminate spoiled products, 
but on all of world metallurgy: it laid the foundation for a new 


ble practical applications. The a 
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science, metal science, or physical metallurgy. Chernov may justly 

its father. 
ap cg ebria years Chernov worked a good deal on the 
lidification of steel and the ways and means of sal ie, aoa 
quality of steel ingots. Those were extremely important ma a 
the closing decades of the 19th century saw an explosive gro a 
in the large-scale manufacture of cast steel, but little was y f 
known about the events that take place when large quantities 0 
molten steel are teemed and large ingots solidify. As he worked on 
his theory of ingot structure, Chernov gathered a large collection 
of iron and steel crystals. Aware of the scientist’s passion, one R 
his disciples presented him with a king-size crystal he had foun 
in the stockyard of an iron and steel works. Grown in the shrin : 
age pipe of a 100-ton steel ingot, the crystal tipped the scales a 
close on three and a half kilograms and was thirty-nine centime- 


tres long. If we recall that ordinary steel crystals are not more 
than a few millimetres 


in size, we can readily imagine its scientific 
value for the scientist. 
In his studies of solidifi 


cation and ingot structure, Chernov iden- 
tified the mechanisms b 


y which dendrites, or tree-like crystals; 
are formed, how steel solidifies, and formulated quite a number 
of practical recommendations. He firmly believed that “the strength 
of unforged cast steel is in no way lower than that of the for- 
ged one, provided they are the same in constitution", and suggested 
how the desired fine-grained 'constitution' of steel could be as- 
sured. 


Following up the ideas of Anosov who had unravelled the mys- 
tery of damaskene mai 


nly by trial and error, Chernov was also 
able to disclose it, but from a scientific point of view. As early 
as 1869, he produced at the Obuhov Works an ingot of damaskene 
Steel and worked it int 


O two dagger blades: after etching, they 
displayed a clear wavy pattern. 
The scientist summed u 


p his views in a report, “Studies Related 
to the Structure of Cast Steel Ingots”, which he read at a meeting 
of the Russian Technical Society in 1878. His report was of no 
less a value for the Steel-making art than his discovery of the crit- 
ical points. 


Chernov stayed with the Obuhov Works for nearly a decade and 
a half. Through his illustrous and multi-faceted effort, the Works 
became, according to Academician A.A. Baikov, a prominent 
Soviet metallurgist, a veritable academy of scientific knowledge 


in metallurgy. Nevertheless, the remarkable scientist who had 
brought world fame to the 


Works was forced, in 1880, to leave it at 

the prime of life and full of creative plans. 
The reason for this lay in the highly strenous relations between 
Chernov and General Kolokoltsov, Chief of the Works. A typical 
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courtier and a personal friend of Czar Alexander II’s, the general 
was intolerant towards any manifestation of initiative by his su- 
bordinates and disapproved of Chernov’s research and social views. 
Made the head of a large works by fate’s whim, the general could 
often be heard saying that the Works was not a place for science. 
Could he find a common language with a man who firmly believed 
that a works was unthinkable without science? 

. Nor could the general realize that he was an eye-witness of the 
history of metallurgy in the making and that a new division of 
Science Was born in his shops, offering an unprecedently deep in- 
sight into the inner workings of steel. Nor unlike Herostrate who 
burned, in the 4th century B.C., the famous temple of Artemis in 


Ethes and thus found his way into history by the backstairs, Kolo- 
koltsov made himself ‘famous’ by turning Chernov's stay at the 
the scientist later recalled bitterly, 


Works into a veritable hell. As 
force of circumstances and to leave not 


"I had to cede to the brute 
orks but the steel-making art 


only my research at the Obuhov W 


in general". 

The remarkable Russian metallurgist couldn't however give 
up the steel-making art for ever, although he spent several years 
after he had left the Obuhov Works as a prospector for rock salt 
deposits in the south-west regions of the country. (He was interest- 
ed in rock salt crystals as well.) When, in 1884, he came back to 
St. Petersburg, he took up à job with the Marine Technical Com- 
mittee and the Ministry of Railways. Several years later, he was 

the Moscow Academy of 


appointed Professor of Metallurgy at 
hair there for three decades. 


of knowledge to many problems of 
metallurgy. During his service at the Obuhov Works, he made 
Important improvemen Bessemer process. Later he came 
up with the bold idea of making steel directly from iron ore. 
is writings are abundant in other interesting ideas bearing on the 
permanent chairman of 


mechani i f steel. He was the 1 5 
the Metallographie Commission within the Russian Technical So- 


Ciety, the life- honorary chairman of the Russian Metallur- 
gical feritas e rena vice president of the British Iron and 


Steel i rary fellow of the London Royal Society, 
Distrito, anto “Of the American Institute of Mining 


and a ber 1 

ginger, tie carried £0 much weight with the world community 
of metallurgists that he was elected to a jury of experts at many 

orld *hitions. "s 
. Spaa belge of expert commission in 1900, Paul Montgol- 
ler, an influential French metallurgist, said: "I take it my duty 
to declare in public, in the presence of so many connoisseurs and 
Specialists, that our works and all of the steel-making art owe their 


State of development and success to a mar 
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and research of the Russian engineer Chernov. I invite you to 
express to him the sincere thanks and gratitude of all the metal- 
lurgical community”. 

In 1916 Chernov fell ill and had to move to Yalta for a cure. 
There, he spent the closing years of his life and lived through all 
the hardships of the Civil War in Russia and the foreign invasion. 
Informed that the outstanding metallurgist was living in poverty 
in the Crimea, the British government instructed the commanding 
officer of a mine-laying ship in the Black Sea to go to Yalta and 
to invite Chernov to sail on board his ship to London. The Navy 
officer did as told, but Chernov refused to move to England where 
he would have had all the good things of life, a cure, and a quiet 
job. He chose to remain in Russia. 

Chernov died on the night of January 1, 1921 at the age of 
eighty-two. There is a cast-iron slab at the Old Aut Cemetery in 
Yalta where Chernov is buried. It carries the inscription: "Fa- 
ther of Metallography. Precursor and Head of a New School of 
Metallurgists. From the Russian Metallurgical Society to Its 
Honorary Chairman". 

Chernov's life and activities have been highly praised by Soviet 
metallurgists. As Academician A.A. Baikov, one of his disciples, 
said once: "Chernov was a great genius of science who brought on a 
veritable revolution by his remarkable research. In his signifi- 
cance to metallurgy, Chernov may be compared to Dmitry I. Men- 
deleyev with regard to chemistry. Much as chem istry will steer the 


‘course mapped out by Mendeleyev, so me:allurgy will develop in 
the direction predicted by Chernov”. 
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ossroads — The Big Puzzle — A Job of Work — 
Floor — Taming of the Sow — Valuable Tro- 
e North — The Dream of the Metallurgist — The 
lestone — The Minister Makes Steel 


The Hinerant Knight at the Cr 
us Goat' on the Parquet 
Phy — The 'Academy' in th 
Professor and ihe Student — The Mi 


By the turn of the century, the metallurgy of iron had taken a 
well-defined shape. The advent of processes for the large-scale 


Production of cast steel had ousted both the bloomeries and the 
Puddling furnace. The only exception was the crucible process giv- 
Ing steel of good quality, which still remained on the metallurgi- 

cal scene, but could no longer claim a leading role. 
The manufacture of steel, the primary product of ferrous metal- 
urgy, involved basically two stages: the iron-making stage and 
1 t stage used blast furnaces which 


the steel-making stage. The firs whic! 
turned iron ore into pig iron. During the second stage, this pig 


iron in company with steel scrap Was smelted into various grades 


Of steel. On leaving the blast furnace, the pig iron, like the fairy- 
had the choice of any one of three 


the converter, or the electric 
l or economic factors. 

sal of metallurgists at the 
ke a broad gamut of steels widely differ- 
t, both the blast furnace and the steel- 


rg of the events that happen "s t deron 
earn al i oints of the pro 1 a i 
What ed De metal-making art remained still hidden. For 
1is reason the end of the 19th century marked in effect the advent 
depth scientific quest into, and 


a new age—that of an in- i à 

engineering improvements of, metallurgical practice. _ 
The biggest puzzle of all, even for top-rank metallurgists, was 
Perhaps the bla t-furnace process. Scientists in many countries 
» t. The first to lift a little 


made at ind an answer to i s i 
he veil ee eee around the conversion of iron ore to 


Pig iron hail A. Pavlov, a Russian blast-furnace expert, 
later à rious sine and a member of the Academy of 


Sciences, 
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Pavlov chose to be a metallurgist back in his student years at 
the St. Petersburg Mining Institute. This happened during the 
summer of 1884 when he was doing his practical assignment at an 
Iron and Steel Works in Yuzovka (now Donetsk). The engineer-to- 
be took special interest in the blast furnaces with their flame rag- 
ing inside day and night. 

In his book, “The Reminiscences of a Metal-Maker", Pavlov re- 
calls a talk he once had with John Huges, the son of the Works’ 
owner: 

“Why is it that you come to the blast-furnace shop so often?” 
John Huges asked me one day. “Do you really like it there?” 

“Yes, I do”. 

“why?” 

“Because others don’t understand and don’t like the blast- 
furnace art”. 

"Is that so?" 


“Yes, it is. You, too, have said once that nobody —not a single 
engineer, not a single master, and not a single professor—has the 
slightest idea of what goes on in the blast furnace. And the fur- 
nace needs guiding!" 

"But you aren't going to do that, are you?" 

"Why not?" 

*He looked at me and smiled. But he was polite in his answer: 

"That's a job of work". 

"Yes, it is," I answered. 

That ‘job of work’ was to become the cause of Pavlov's life. 

He made valuable contributions to blast-furnace practice, per- 
fected the furnace design, and improved the thermal working of 
the furnace. Re-designed as he advised—and this was done at 
many iron works, the blast furnaces usually produced more pig 
iron and of a much better quality at that. His fundamental work, 
“The Metallurgy of Pig Iron", on which he worked a good half of 
his life (he died in 1958 at the age of about ninety-five), has been 
a book of reference for many generations of metallurgists. 
, While Mihail Pavlov was more of a blast-furnace theorist tend- 
ing to tackle all problems from a scientific position, Mihail 
K, Kurako may be called a true practical blast-furnace virtuoso 
who is justly ranked among the most brilliant figures in the 
history of Russian metallurgy. 

Kurako was born in 1872 into the family of a Byelorussian 
landlord, a retired colonel who had fought at Sevastopol during 
the Crimean War. The boy was fairly well educated at home and 
knew French perfectly. His father planned a brilliant career for 
his only son, but the boy had a distaste for the rigid discipline 


p lack of freedom that existed at educational institutions at the 
ime. 
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An unruly boy who would often express his protest against the 
discipline of the cane in a child’s naive way, he had a fairly long 
record of punishments by the time he was fifteen: he had been 
expelled in turn from the Corps of Cadets, two classic high schools, 
and a technical high school. The last time it was a farming high 
school—the boy had ‘expelled’ himself by striking the principal, 
a petty tyrant and a wilful and stupid person when he had the boy 
lashed with birch-rods unjustly for a prank. The boy fled from 
the school and from his home. 

Following the advice of his foster brother, Kurako went to 
Ekaterinoslav (now Dniepropetrovsk) and took up a job at an 
Iron and Steel Works. At first he was a sam ple-runner—he carried 
samples of pig iron to the laboratory. But an unwritten law had 
it that a sample-runner should also serve engineers: bring ciga- 
rettes, serve tea, and do a host of other chores. The proud young man 
didn't want to be an errand boy and asked his superiors to trans- 
fer him to the job of a barrow-pusher. 

That was an extremely arduous job. Twelve hours a day had he 
lo push his 'goat', as the barrow was nicknamed locally, filled 
full with charge materials for the blast furnace. But as if to make 
up for it, the boy was next to the blast furnace all the time, lis- 


tening with interest to the hollow rumble in its hugo belly. He 
eagerly c word the foreign engineers and masters ex- 
Vou ting a bit that the ragged barrow 


One day, there was a visit 
director of a French bank and one 


Orks. Accompanied by à numerous ret 
Shops, he Soned at the ore pile where the young Kurako was 


loading his ‘goat’. His strong muscles stood in solid relief against 
the rust : ing his sweaty body. 
ore dust covering , d ” "n 

"This ines is admirably good at his work, isn t he?" d'Ho- 
tizont said in French, not suspecting the Russian understood 


whe P 

yl eee for Mihail's ego. He stood erect, 
hrew his shovel aside; turned around his barrow, and pushed it 
hard at his offender. The Frenchman, frightened a lot, jumped 
aside, but the heavy ‘goat’ steered by the young mans strong 
hands followed the VIP all over the ore yard until the man was 
Pressed against the ore pile. Quick as a monkey, the bank director 
Climbed atop the pile. Coming to a stop in front of the pile, Ku- 
Tako explatjed ie and with an unconcealed jeer 


í t' (as the 
at e : appen i he ‘parque L 
ML NE iis called) which was covered so much with 
Potholes that he hadn’t been able to steer his "goat mag te The 
incident was hushed up, and the ore yard came by a new Hooring. 
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The fiery might working miracles in the blast furnace attracted 
the young man with an ever increasing force. A great engineering 
talent was awakening in him, imperiously calling for a worthy 
application. Although he had no formal education, Kurako learned 
all the secrets of the blast-furnace art very soon and rose to the 
position of an acknowledged master. He always longed for ever 
harder and therefore more challenging tasks. In 1898 he moved 
to Mariupol and took up a job at the newly built Iron and 
Steel Works equipped with American blast furnaces, the largest 
at the time. It was there than an event took place, which was to 
make Kurako famous all over Russia. 

Quite unexpectedly the blast furnaces developed some trouble 
and their output took a plunge. Huge ‘sows’—bulks of fused 
ore and solidified pig iron—were growing in the furnaces. There 
seemed to be only one way out—to stop the furnaces, to break 
them open, and to remove the sows. The company was facing à 
oe loss, and the owners had no other choice than to accept the 

act. 


Several days before they were to stop the furnace growing the 
biggest ‘sow’, Kurako came into the director’s office. 


“Who are you and what do you want?” the director asked 
roughly. 
“You must know me”, Kurako answered in French in a “thee- 


and-thou’ manner. “I’m the second furnace’s attendant. They say 
the first furnace is about to be pulled down?” 


“Yes, it is, but that’s none of your business”. 
“Don’t pull down the furnace”. 


"It must be pulled down with a ‘sow’ t| 


) hat big!" 

"The 'sow' can be melted". 

"Melted?" The director grinned. "Isn't it you who a ing to 
do the thing?" y Sener enn 


“Right, it’s me. Let me have the furnace for a couple of days”. 
The director looked over the furnace attendant with uncon- 


cealed curiosity. He could feel in the lean, handsome fellow some 
power which commanded trust. ^ 


? "After all, you can never tell”, 
the director thought to himself, “It may so happen that this 
bum will save the furnace. If so, they will pay me a fat bonus- 
One way or the other, I would lose nothing" 

"How much do you want for the action? Will a < k- 
Mar que action? Will a 25-rouble ban 

"The company would be happ i 

y y topay me a hundred times 

more, but I don't want money what I want is a written testimony 
that I’ve melted a 'sow'". 

Kurako and his hel 
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stationary and with the company’s seal affixed to it. It read that 
furnace attendant Mihail K. Kurako had been instructed to save 
a furnace with a ‘sow’ and that after three days’ effort and 
through Kurako’s skills the operation was restored to normal. 

As Academician I.P. Bardin recalls in his memoirs, "The di- 
rectors of many works were hunting for him as if he were a pre- 
cious game. He was invited each time a grave accident had occur- 
red, when all ways and means seemed to have been tried and fail- 
ed to save the situation, and each time he worked miracles. Quiet 
and concentrated, he turned up at the head of his amazingly 
tight-knit team, got down to brass tacks at once and as often as 
not, put the conceited engineers, the eminent scientists, and the 
famed furnace operators in an awkward position”. 

But the owners of works were not alone in their hunt for Ku- 
rako: in the violent year 1905 Kurako who was active in the 
revolutionary movement was arrested and banished to the Arkhan- 
gelsk Province in Russia’s north. While in exile, Kurako was 
busy with his self-education, reading books on chemistry, phy- 
Sics, philosophy, history and literature, and learning foreign 


anguages, 

In his book, “The Life of the Engineer”, Academician Bardin 
Tecalls an episode which shows Kurako as a man with a good deal 
of optimism and sense of humor: 

“Somebody once asked’ Kurako where he had been educated. 

ae an alumnus of the Nikolas academy”. 

n St. burg?” 

No, in aen Mi I was its student for three years. An 
excellent academy. Czar Nickolas II personally had placed me 
there”, 

“Kurako paused 

It’s the best unive 
Kurako laughed. “True, 
fancy dress—a prisoner's 


his bright eyes. 
ver established". 
at you'd call a 


and swept the audience with 

rsity the government has e 

its uniform is not wh 
" 


gray frock". , 
When his term at the ‘academy’ was over and Kurako was set 
free, he went back to Yuzovka to become very soon the superin- 
-tendent of the blast-furnace shop at the Hughes Iron and Steel 
orks. As a man who never shunned manual labour, he did much 

to make the lot of the furnace operators easier. The superintendent 
knew well every workman, his family affairs, his needs and trou- 
les. He helped many with money and never turned down a borrow- 
er. The workmen repaid him with their sincere love and were 
Prepared to go through fire and water for him. Nota single fa- 
mily festivity could do without him, and he was the first with 
om the workmen would share their joys and woes. On the other 
and, no other superintendent at the Works was as strict and de- 


manding as Kurako. 


96 The Twentieth Century Has Its Say 


A talented man who had become a widely qualified specialist 
through self-education, Kurako dreamed of building in Russia 
a new type of works—large, with powerful, completely mechani- 
zed furnaces. He backed up his dreams with practical deeds: he 
devised unorthodox mechanisms and facilities for the blast fur- 
nace, improved its design and procedures, and worked on his 
plan of a new mammoth works. 

Shortly before the October 1917 Revolution in Russia, a joint- 
stock company bearing the strange-sounding name of Kopikuz 
(which meant ‘Mines of the Kuznetsk Basin’) invited the famous 
blast-furnace practitioner to take part in the design work on the 
huge iron and steel plant the company contemplated to build in 
the Kuznetsk Basin, Siberia, rich in coal and iron ore. Kurako 
willingly accepted the invitation and soon moved to Siberia, 
accompanied by his friends and workmates. 

Then the Revolution broke out, followed by the Civil War, 
and the project had to be shelved for the time being. As soon as 
the fighting had subsided, Kurako hurried back to his plans which 
were of special importance to the devastated country. But in 
Kuznetsk he fell ill with spotted fever, and the cruel disease 
broke the life of the supremely skilled master of the blast-furnace 
art in 1920. Kurako was buried at the highest spot of the site cho- 
sen for his unbuilt iron and steel works. 

It fell to Ivan P. Bardin, a disciple of Kurako’s, a remarkable 
metallurgist and one of the leaders of Soviet metallurgical science, 
to qu Kurako's dream come true. 

orn into a family of modes i i 
Chemical Department of the Kiev ec rasa apn 
There he had an occasion to li rdc inp sd d 

; a isten to V.P. Izhevsky, Professor 9 
Metallurgy, whose lectures were a poetic and fascinating narra- 
tive of the blast-furnace process full of puzzles d ps teries. 
“What happens in the blast furnace”, he would Pro Me a fabu- 
lously beautiful thing. It is an unbelievably difficult b " highly 
sophisticated and joyful transformation of ore and rock i etal”. 

Highly experienced, Izhevsky was also an sical kind an 
responsive man. As Bardin recalled later “We sind. J^ always 
were in need of money. The instruction fee at the P. yt i ic was 
fifty roubles per half-year term, and that was a X e a for 
many a student. I was really frightened poe y 


k each time the day 9 
payment was coming. My head would be in a whirl, and oie 


know what to do. Izhevsky had a list 

of stud knew 
perfectly well how badly any one was in A gy. oe ie dd me 
that in two days’ time I would be expelled from the Polytechnic 
for failure to pay the instruction fee. Blushing with shame an 
stuttering, I explained to Izhevsky that I w 


> as in a money troub'e 
only temporarily, that I would be able to raise the monay in ten 
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days at the most, and that it would be better for me not to attend 
lectures for the time being. 

Izhevsky protested. He said Icould attend lectures and, 
patting me on the shoulder, said good-bye. Thesame day he 
paid the fee for me out of his modest income. He did so when he 
RM meonly a half-year". Bardin remembered the event all his 
ife. 

At last the years of in 
had a technologist's dip 
for work? That wasn't an i 


struction were over, and the young man 
loma in his hands. But where to apply 
dle question for the young man, and 
not because he was in a position to choose. Jobs were hard to be 
had at the time,, and Bardin went across the Atlantic, to the 
United States in 1910. But even there, despite his diploma, he 
was only able to find the job of an unskilled labourer. As he re- 
called later, “We had to work ten to twelve hours a day in an 
exhausting heat. We worked strenuously, at the limits of our po- 
wer, and fell to bed in the evenings like logs, unable to think of 
anything". 

But it was there that Bar 
learned first-hand knowledge 


din's vocation and life were set: he 
of the steel-making art. As he wrote 
many years later, “Did I ever think of becoming a metallurgist? 
Was twenty-seven when I saw an iron and steel works for the 
first time. It struck my imagination. Metallurgy captivated me". 
Bardin's stay in the United States was a short one: he had to do 
many things except making steel. "It's unlikely that I can learn 
anything as an engineer in America. Chances are I d rather for- 
get what I know” he thought and made up his mind to go back 
lo Russia. Late in 1911, the British ship Mauritania carried him 
lo Europe. What did his home country have in store for him? 
With a letter of recommendation from Professor Izhevsky to 
back him up, Bardin went to the Hughes Works, among the lar- 
: b of a designer in the rolling- 


gest in Russia, : took up the jo 
ussia, and rdin was introduced to Mihail 


mill divisi s then that Ba 
iig ende d'a f the Blast-Furnace Shop. As Bardin 


urako, intendent 0 
ei "My encounter with Kurako overturn- 


recalled many years later. 
ed all my lis Vo urnko not only made me an experienced metal- 
lurgist and a proficient blast-furnace engineer, but also taught me 


lo thin í nology in metal-making”. 

In 19:6. gen a pointed Superintendent of the Blast- 
Furnace Shop at the Enakievo Iron and Steel Works. It was there 
that he, already a matured specialist, met the October 1917 Re- 
volution. Unhesitatingly, he sided with the new regime and pla- 
ced all he knew and could do in the service of the working class 
and socialist industry- He was highly respected by and carried 
authority with the workers, and they unanimously elected him 
Chief Engineer of the Enakievo Works and Mines. 


7—092 
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The year 1929 was an important milestone in Bardin’s life: 
he was appointed to provide technical guidance in the construction 
of the Kuznetsk Iron and Steel Works, the first in the industrial 
development of Siberia. As he recalled later, “There is no denying, 
I felt proud and was full of joy. The iron and steel project was of 
special interest to me. An integrated iron-and-steel plant to be 
built along American lines in my country had been my dream all 
my life and the coveted goal for the engineer's soul of mine. I felt 
pride and joy because it had fallen to me to build a works in Si- 
beria—a land which scared away many people with its severity 
and wilderness". 

The giant project was launched when Siberia was in the embrace 
of a sever winter. Fires were burning on the site day and night, 
warming up the frozen ground. There was an acute shortage of 
labour force and machines, but the people who had come there 
from all over the huge country were digging trenches in the stone- 
hard ground, laying foundations for the furnaces, and erecting 
buildings for the shops in the face of the sharp frost and the rag- 
a on, The motive power behind all the activities was Ivan 

. Bardin. 

It took just over two years for the Kuznetsk builders and metal- 
lurgists to produce the first heat of Siberian pig iron. 

As the technical supervisor of the giant Kuznetsk project, Bar- 
din showed he was an outstanding planner and manager, a man 
yiio could tackle the most challenging problems of metallurgical 

heory and practice. He was one of the new generation of engi- 
neers who combined the knowledge of a scientist, the foresight of 
an innovator, and the inspiration of a creative mind. The Soviet 
Academy of Sciences found Bardin’s record of accomplishments 
extremely valuable and important for the country: in 1932 he 
was elected a Member of the Academy. It was the first time that 
perigee E UE an armchair Scholar but a practical 

is way inside the Academy's walls from 


the din and roar of a works’ everyda tivi z 
ved the worth of his scientific : dice iode te ales ok 


4 iews with mammoth iron and 
steel works and with millions of ton i e 
s of i 
i ron and steel the country 


To Bardin himself the news of his election t e 
as a surprise: "I was taken aback when I ud E 
written no papers of importance in my life". That was true: he 
had not a single treatise on the subject to his credit, but there 
were hundreds of drawings of the huge iron and steel works, the 
blast and open-hearth furnaces built under his guidance and also 
the pig iron and steel made at the Kuznetsk Integrated Works. 

In the same years, another ‘firstling’ of Soviet metallurgy was 
taking shape at Mount Magnitnaya in the Urals. In the summer 
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of 19% ; : ] A 
ar rs eripe cer Reine une ie en aio 
tre TIS Adv i n’ cou e seen standing 
Wace usands of people had come there to build the works. 
sale of them knew nothing of the trades needed, but they had 
ross seemed to be far more important for a large and complex 
ie ct under extremely adverse conditions— perseverance, stead- 
ae and the drive to see things done in spite of any hard- 
pun b a oi meget were, however, highly sceptic. One of the older 
abe for example, worked there for some lime but didn't 
bes root, so to speak: he didn t like much of what he saw and 
vo S the very idea of building a huge works in the Ural back- 
AE away from any potential users of iron and steel, was an 
ECT blunder. When he was leaving the site, the engineer told 
win aus of mind to the project's management: "If you built a 
ri ilar works in the heart of the Sahara Desert in Africa and car- 
ied the metal from there to Russia on camels, even then it would 


cost half as much”. 

lo the first steel from Magnitka, as the huge project was 

d vingly called, did cost a lot, but the unfortunate prophet was 
eeply wrong. Before long Magnitka came to make the country's 

C: indeed, the world's cheapest steel of excellent quality— 
1e steel that proved its worth during World War th. 


ut the war was still several years off, and the country went on 
n the Urals and Siberia, at the 


With its ch T ia 

> allenging projects ! 

Tapids on the river Dnieper and in the steppes of southern and 

Central Russia, on the shores of the Aral Sea and in the Caucasus, 
major metallurgical 


on Lake Balkhash and in the Monche tundra: 
erywhere to give steel and alumini- 


voris and shops went up ev I 
» Copper and nickel, lead and zinc to the country. 

eople, too, were rising in step with industry. The years of the 
early five-year plans saw the emergence of a whole constellation 
of brilliant metallurgical engineers who were lo stand at the 


helm of Soviet industry before long. Perhaps, the most brilliant 
`F. Tevosyan, one of the master-minds of 


al-making. vi 
graduated from the Moscow Mining Aca- 
ks in Germany where the 


In 1929, after he had 8 : 
my, Tevosyan was sent to Krupp's wor 
learn all that was new there. As a rule, 


aske 
al months. K 
Tevosyan deserves the right owing 


alent and brilliant knowledge of the 


E his arrival, Tevosyan 
AS ‘at the furnace for sever 
o Joon, saying that "Johann 
then exceptional diligence t 
: Cory of steel making - 

* 


Making SHOP le Saw d Master ONVIOUSIY Violating tie appo v^ 
procedure. When Tevosyan reproved him, the man muttered in 
response: “I’ve seen a lot of advisers, but not a single workman! 
The minister took the master’s place and carried the heat to the 
end ‘by the book’. The master surely remembered the lesson all 
his life. , 

The country was engaged in a multitude of projects, and it 
needed steel—not only to make machines, automobiles and trac- 
tors, and to build railways and factories. It needed steel for 
tanks, guns and airplanes—the steel that was to become the coun- 
iry's reliable shield against the treacherous enemy that was al- 
ready standing at its threshold. 

When the world heard the first salvos of what was to become 
the Great Patriotic War to the Soviet People, the country turned 
into one large smithery making steel and forging an indestructable 
shield and a formidable sword. As a poet said, “The country 
didn't sleep a wink, standing its watch at the furnace’s brink - 
That is true: the fiery stream of steel was flowing day and night, 
bringing the country closer to the long-awaited Victory Day. 
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own. Some serve for a long time, while others die young; some 
live a quiet life, while others are destined to see rises an 
falls. 
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_ Why is it then that metall 


Situation like that for decades 
in sizeable quan 


Bee hard to come by ! d : 
Mmercial process for the separation 0 
gases yet, |t was only after sufficient progre 
Many countries in the field of low temperatures (or cryogenics, 
as it is scientifically called) that machines could be built to li- 
Tuefy atmospheric air 2 to separate oxygen from it. Now me- 
lallurgists could reckon on its assistance. 
_In 1933, Nikolai l- Mozgovol, à Soviet engineer, made his 
first experimental attempts to blow the molten Pig iron in the 
Converter with technicalzgrade oxygen. The results seemed en- 
Couraging, and three year Jater he took oul an inventor's certificate 


urgists reconciled themsel ves with the 
? The answer is simple: oxygen was 
tities because there was no 
air into its constituent 
ss had been made in 
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In 1940, as the USSR Minister of Ferrous Metallurgy, Tevosyan 
recalled the time he had spent at Krupp's works: “T have had e 
opportunity to see how major industrial executives are traine 
abroad. Nearly everyone starts by working, for some time, as a 
workman—even the sons of plant owners! Why is it, it would seem, 
that the son of an owner of a substantial packet of shares should 
put on overalls and go to work on the shop floor? But unless he 
has learned the manufacturing process personally and to the mi- 
nutest detail, any specialist would have to ape the master and 
be his captive". 

Tevosyan himself had more than once to do as he had used to 
as a young man and to make steel with his own hands. Once he 
was on an inspection tour of an iron and steel works. In the steel- 
making shop he saw a master obviously violating the approved 
procedure. When Tevosyan reproved him, the man muttered in 
response: “I’ve seen a lot of advisers, but not a single workman! 
The minister took the master’s place and carried the heat to the 


eng ud the book'. The master surely remembered the lesson all 
his life. 


The country was engaged in a multitude of projects, and it 
needed steel—not only to make machines, automobiles and trac- 
tors, and to build railways and factories. It needed steel for 


tanks, guns and airplanes—the steel that was to become the coun- 
try’s reliable shield against the 


s * treacherous enemy that was al- 
ready standing at its threshold 


When the world heard the first salvos of wh 


orlc at was to become 
the Great Patriotic War to th 


t ; e Soviet People, the country turned 
into one large smithery making steel and forging an indestructable 


shield and a formidable sword. As a poet said, "The country 
didn't sleep a wink, standing 1 l 


È : its watch at the furnace's brink". 
That is true: the fiery stream of steel was flowing day and night; 
bringing the country closer to the long-awaited Victory Day. 
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The Trouble-Maker — A Com 
lues — Less a Trump Card — 
Afire? — The Quiet Life — Events in ihe Empti 
ven Seals — The Academician's Error—Early Riper 
from the North — Changes to Come — The 


plimentary Supplement? 


— Reappraisal of Va- 
Oxygen Injections — Th ds 


e Open-Hearth Furnace 
— The Secret Under 5e- 
ning Again? — The Beauly 
Unanswered Ouestion 

Smelting furnaces are not unlike people—each has a fate of it$ 
own. Some serve for a long time, while others die young; some 
ms a quiet life, while others are destined to see rises and 
falls. 
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Until about the mid-20th century, the bulk of steel had been 
made by the open-hearth furnace. The electric arc and induction 
furnace would only make special grades of steel for critical appli- 
cations. The Bessemer converter, once everybody’s favourite, had 
now to be content with a modest role indeed: it was in use only 
in a few countries where some specific conditions prevailed, such 
as the availability of iron ore best suited for the smelting of con- 


verter pig iron. 
This traditional balance of forces was substantially changed by 
Oxygen, the great accelerator of all metallurgical processes. 
Attempts to use oxygen-enriched air in the open-hearth furnace 
and in the converter were made as early as the 1920s and 1930s. 
The idea of using a strong oxidizer in order to speed up the 
Steel-making process was not new. As early as 4876 Chernov point- 
ed out the advisability of adding oxygen to the air used to blow 
the molten pig iron in the converter. As he believed, “This should 
Substantially raise the temperature of the metal, on the one hand, 
and to cut down the duration of the process and the requirements 
for the driving force, on the other, because the air blower could 
then be scaled down in proportion to the amount of oxygen added”. 
] reaction needs oxygen, and 


. That was true. Any metallurgical 
Its Percentage in air is not at all high—a mere twenty-one per- 


cent. Because of this, the air plown through the converter carries 
i volume, as a ‘complimentary 


nearly four par nitrogen, by 
supplement oe et oxygen actually needed. But is it 
actually a ‘complimentary supplement’? As it leaves the conver- 
ler the nitrogen carries off with it a good deal of heat which is 
thrown to the wind, both literally and figuratively. Also, since 
lé oxygen that takes part in the chemical reactions 1$ heavily 
diluted, their rate is well below the theoretical figure. But that 
1S no end to the troubles stirred up by nitrogen: it has enough time, 
uring the blow, to leave traces impairing many of the steel’s 


Properti j 
? o een then that metallurgists reconciled themsel ves with the 
Situation like that for decades? The answer is simple: oxygen was 
Very hard to come by in sizeable quantities because there was no 

aration of air into its constituent 
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as f 
i ious modification of the converter process. This set of 
p mi sri pdee is commercial process, but the war soon broke 
oie retarded the solution of the problem, although research in 
the field went on both in and outside the Soviet Union. a 
A veritable boom in steel-making by the converter protes oe 
gan in the post-war years. In 1952, an oxygen steel-making proces 


5 E i ris 
was tried on a commercial scale at an iron and steel works ir 
Austria. Several years later 


ppraisal of values was under way through- 


industry: specialists were aware thas 
a decisive edge over the open-hearth ue 
al. Oxygen offered the converter proces: 


large one, needed ; 
vestments and the in the case of an oxygen-con ver- 
ter shop were subs i 

less expensi v. 
card in the open hearth 


kling this important economic task. —— 
However, all of the Weighty arguments would be worth nothing 
ygen converter were poor in quality. But 

in the past converter steel had been inferior 
to open-hearth steel, not to speak of electric-furnace steel; 
now it could satisfy t} ing customer. Blown with 
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a scale of manufacture and the range of products. At this writ- 
db the oxygen steel-making processes account for over a half of 
e produced in the world. To all appearances, the converter 
: ic has taken over as the leader of the steel-making art is going 
9 consolidate its positions still more. 

. And what about the open-hearth furnace? Couldn't oxygen have 
a wholesome effect on il as well? Attempts to use oxygen in the 
open-hearth furnace date back to the pre-war years and were follow- 
ed up in the early 1950s. They have something to show for 
the effort put in: the output per furnace has increased, and less 
fuel is needed to carry oul the operation. The proponents of the 
open-hearth process have tried to follow up the success: large 
open-hearth furnaces have been built, improvements have been 
made in the techniques and procedures, and natural gas has come 
lo be used along with oxygen. But... It is becoming increasingly 
more evident that the open-hearth furnace is no match for the 
oxygen-blown converter. While the oxygen “breath” has given a 
new lease of life to the converter, oxygen "injection's" have only 


added a few years to the life span of the open-hearth furnace. 
u Il in use in the Soviet Union and else- 


Open-hearth furnaces are sti 

where, but their days seem to have been counted. The prevailing 
Philosophy in the iron and steel-making industry is to replace 
them gradually with oxygen-blown converters and electric fur- 


naces, 

Before we part with the open-hearth furnace, however, we 
should pay it its due: it has been in man’s service for over a 
century and has given many thousand million tons of high-qua- 
lity metal in the meantime. Undoubtedly, it will occupy a place 
of honour in the history of metallurgy. 

But to go back to our story- While the converter and the open- 
hearth were ‘settling their issues’, the electric furnace was steadily 
longing ahead. In the decades that had P since the emergence 
or t tri -maki rocess, the furnace was gaining in 
i the electric steel mane The high temperature anti 


Size and improving in design. 
ed in the nie furnace was enough to tame even the most re- 
and molybdenum, and metallurgists 


Factor tungsten 1 
came by poled to make steels alloyed with any element. 
pP i dvance of electric steel- 


Oxyge ade its bit in the a 
making. ‘Right after the war, trials were made at a steel works in 


the Sovi : blow in oxygen through iron pipes called 
sues Umon ation served to boost the output of elec- 


Ox e 
tg lancea, E down the consumption of electricity, 
electrodes. and some scarce alloying additions. The quality of 
the steel was improved as well, especially that of the low-carbon 
alloy grades. In the past, special effort had to be made so that the 
Steel could get rid of the carbon continuously added to the arc 
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furnace by its carbon or graphite electrodes. Now the carbon 
content could be conveniently kept down to an acceptable level 
owing to the strong union that oxygen usually makes with carbon. 

This task is handled especially well by the induction furnace 
which has found a broad field of application in steel-making. In 
contrast to the electric arc furnace, it has no electrodes, and so 
there is no source of an increased carbon uptake by the steel. This 
is the reason why the induction furnace can make high-alloy 
steels carrying practically no carbon. 

The 1950s saw important events take place in steel-making. 
They had an important impact on further advances in- metallurgy 
as a whole and electric steel-making processes in particular. 
More important still, they marked the birth of a new school in 
steel-making. They were set off by Alexander M. Samarin, then a 
corresponding (later a full-fledged) member of the Soviet Academy 
of Sciences, and the events themselves took place in a nearly 
empty space or, more accurately, in a very high vacuum. 

Back in the pre-war years Samarin and Novik, one of his co- 
workers, suggested that if molten steel was placed in a vacuum 
and isolated from the atmosphere, one could remove prac- 
nn àll aie gases which the steel usually picks up during à 

eat and which have a detrimental effect on its quality upon 
s sig toad FS was an excellent idea, but it was far ahead 

ts time: it wasn't until the post-war years that the plant 
et treat steel in a vacuum on a sonia scale was 

The vacuum processing of steel was tried on ercial scale 
—for the first time in the Soviet Union and jo the world—in 
1952. A ladle filled full with molten steel was placed prior to 
casting in a vacuum chamber where the melt could get rid of the 
dissolved hydrogen, nitrogen and other objectionable inclusions in 
a matter of minutes. Soon a modificati y the oaedce aa te d 

lication of the process was trie! 


works j ies—v um me- 
Cu dà S 1n many countries— vacu 
The idea of using vacuum in gi prov ed 
fruitful: in th metallurgical processes pr 


of vacuum degassing of molten crude 
to smelt steel ir 
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nce re-melts, or refines, the crude steel made in a conventional 
urnace, thus improving the metal's quality very markedly. That 
Was the advent of a new and very promising venue of development 
in metallurgy: the refining of metals and alloys. (The same job 
can also be done by the electroslag, electron-beam and plasma 
Processes to be discussed in the chapters that follow.) 
e the reader has been introduced to the steel-making ‘trio’: 
e converter, the open-hearth furnace, and the electric furnace. 
Ow let's turn again to the blast furnace for its future has 


long been of concern to many metallurgical scientists. 
dustrial skyline without blast 


It is hard to imagine today's in 
towering above the other stru- 


furnaces. These giants can be seen 
ctures of an iron and steel works from a large distance. But they 


are a far cry from the blast furnaces that were in use in Pavlov’s 
and Kurako's days. Early in his career Pavlov, already familiar 
with blast furnaces, arrived at the Ural works where he was to 
ake up a job. As he recalled later, “J went to the Works across 
the dam which rose above the site rather high. As I approached the 

1l for the blast furnaces. They were 
d two of them. 


je earthen d ded in as | 
feading. to pata building. At the far end of the bridge I 
ound myself on the service platform of tl 
een looking for in vain" 


9 one can miss today’s blast furnace. It i 


doze i ds of t Í ore and 
n met ide its belly, thousands ot ons o 
reen usly turned into pig iron. Loaded 


charge : P 
materials are continuo i d 
at the top, the charge moves downwards against the up-coming 
and Penetratin fiery plast — extremely hot air driven under a 
high imi bn A ‘tive instruments keep a con- 
s ; , 

TA watch on the furnace's con 
sho, Iechanisms make the charge à 
Ould under the process schedule. 
Wrapp Workings of the blast po 

Ped in a mystery for more ^ 
or mystery a ODay 
be ced to part with its secrets. AS Mihail 


s a huge tower several 


were viewed as an enigma 
a century, but it was finally 
lov, already a Mem- 
» i in the 

T of the justly noted, Nothing can be seen in thi 
last fume tom ihe ta but a good teer has d eif 
g í said to have te - 
thi ay the science of metallurgy may be 


AE abou t furnace. 
dere bearing out the po 
din's visit to an ITO 


int took place in Chi- 
n and steel plant. The 


. D department of the company 
* panied the Russian, asked him 
ild turn out when opera- 
found out the capa- 


med interesting event 
chief 1957 during Bar 
that quetallurgist from che Jed 
how 9Wned the plant, W20 a : 
t much pig iron their blast furnace CO 
ed optimally, Bardin examined the furnace, 
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i i wers, inquired about the quality of the charge 
A A ek with confidence: “Seventy-five thousand 
tae deine a month of thirty-one days in cold weather”. be 
The answer caused confusion among the plant E eng oron bee 
cause what they could tap from the furnace in the best E aed 
was around fifty-four thousand tons a month. They shoo! bn 
heads in disbelief and thought that either Dr. Bardin had ma iow 
overestimate to impress them or his knowledge of the blast- d 
art, praised so high, had been overestimated. Still, ip ea 
they were prepared to follow his advice on how to raise the rs "s 
When Bardin visited the same plant a year later, its chie n" 
tallurgist recalled the event and thought it would be good 


check up on the guest's forecast. The plant's engineers told him 
the monthly production w. 


as short of seventy-five thousand ow 
"What's the exact figure?" the chief metallurgist inquired. The 
answer was: "Seventy-four thousand five hundred "ie dide 
tons". The Academician's ‘error’ is a convincing proof that Lgs 
is now in complete command of the once unruly and mysteriou 
blast-furnace process. 

Recent years hay 
tallurgy: the conve: 
nuously been growi 
furnace as well. Onl 


F ifs M a e- 
e seen many signs of “early ripening" in m 


Tlers, furnaces and rolling mills have red 
ng in size. The trend has affected the bla 


y recently would a blast furnace two thousand 


cubic metres in size be looked upon as all but a wonder. Today, 
there are, in the world, quite a nu 


measuring four or even fiv 
And this is no limit, The most recent addition is the blast fur- 
nace built at the Cherepove 

vingly christened the Northern Beauty: it is over five and a half 
thousand cubic metres in y 


in the Urals, Siber 
tated Donets Basir 


! and Dnieper Valley w 
load was only slightly twice ^ an 
the Northern Beauty alone. 

The staff of this | 


ing at ful 
ere operating al 
at can be tapped from 


slag notch has been re] 
ful ventilation s 
shop, and the e 
care of the envi 


ing the iron tap-hole and the 
egated t. g FOAL sap 
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ce furnace, has no grounds for a worry about its future? 
"t và is no simple answer. Undoubtedly, the blast furnace will 
po ed time hold its ground in iron-making, but its future can 
En us taken as cloudless. As Professor R.D. Richardson, an 
Te ish metallurgist, thinks, the trouble with the blast furnace 
pct ia the fact that it produces a product we don't need. We 
af th need iron saturated with carbon; we need steel, and the union 
ud e blast and open-hearth furnaces is not the most direct 
boc] to make it. But the shortest way is not the most economical 
in many metallurgical processes, the professor notes. 

,Sull, many specialists are of the opinion that the fate of the 
a er furnace is sealed: sooner or later the classical two-stage 
for od of steel making will give way to a process using no blast 
ü naces, in which steel will be extracted from ore directly, with 

© pig iron made in between. But how soon will this happen? 


The Search Goes On 


That the blast furnace makes a ‘wrong’ product is not the 
her trouble is that it needs coke—a 


only of its troubles. Anot 1 1 
Vital item in its diet. Yes, the very coke whose invention was an 
jmportant milestone in the progress of iron-making in the early 
alf of the 18th century. : i 
i hat’s true: coke has played a key role in the making of blast 
“nace practice. It was coke that set the blast furnace on its 
cet’, we might say. It is coke that has been supplying the blast 
"rnace with ‘nourishing’ food. The situation suited the me- 
lallurgists quite well for a long time, but gradually the blast 
Urnace's horizon has come to be overcast with wliat might be 
Called coke clouds. 
hat is the matter? , : 
hae ue reader surely knows that coke doesn’t occur in Nature. It 
‘as to be prepared from coal, and not just any grade of coal, but 
Tom one capable of coking. The reserves of such coal are, how- 
ever, limited and they become ever more scarce and costly to work 
Tom year to year. Also, it takes a good deal of time and effort 
x , and quite a number of 


O make coke even írom a coking coal 
by-products u- left over, not at all with the odour of perfumes. 
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to 
ild find their way into the atmosphere, one has 
provide gas-cleaning ape oa all of them expensive but likely 
x down quite often. : 
a geben, coke is a very important item on the mee 
costs of pig iron. That is why blast furnace operators have a V ies 
been trying to cut back on coke by replacing it, at least T et 
with natural gas, pulverized coal, and residual fuel oil. But i de 
it possible to do away with coke and with the blast furnace à 
ther? nae 
tope question has tantalized scientists since long. The ps 
of making iron without coke intrigued D.K. Chernov. Late in a 
19th century he proposed an unorthodox shaft furnace that de 
make low-carbon iron and steel instead of pig iron. Unfortunate Y 
his idea wasn't destined to materialize. Some fifteen years after 
he had made his proposal, Chernov wrote with bitterness: ' Erann 
rated by the usual sluggishness of our private works, I applied. x 
the Ministry of Commerce and Industry, hoping that it would giv : 
me an opportunity to try the process in a simplified form at one 
of t 


i ‘tebe’ 
he Crown's iron and steel works. But although the ministe 
gave his consent twice 


; I ran into unsurmountable obstacles among 
the cabinets and in the corridors of the Ministry”. 

Dmitry I. Mendeleyev, loo, was in favour of the direct manu- 
facture of steel. As he wrote at the turn of the century, “I firmly 
believe that with time we will again be set looking for ways a! 
means of making low- 


carbon iron and steel from ore directly: 
omitting the pig-iron Stage". 


Scientists and engineers in many countries spent decades looking 
for a technically acceptable process by which iron could be extract- 
ed from ore directly. They designed and built dozens of furnaces 
and other pieces of plant, but the solution that would unquestion- 


ably satisfy them all evaded them for a long time. Each time 
there would be 


er in the process itself or in ihg 
plant used, or in the quality of the metal thus produced. Also, 
none of the plans was sound economically. The search seemed !° 
be heading for a blind alley, althoy 7 


ae 
igh there were a few small fury! 
ces that could extract iron directly from ore in Sweden, Mexico 
Venezuela and some other Countries 


It wasn't until the early 1960s that acceptable designs of shaft 
units were developed and attracted metallurgists in many cou? 
tries. After a careful study, it was decided to build a similar 
plant in the Soviet Union. 

The site for the project was chosen not far away from Old Oskol, 
a city situated in the Kursk Magnetic Anomaly area, a veritable 
storehouse of rich iron ores. j 

Years have passed, and the buildin cal © etat- 

e , £S of the Oskol Electrom 
lurgical Integrated Works stand now amidst the steppe, a huge 
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complex operating by a process other than the traditional ‘ore-to- 
iron-to-steel’ scheme. The new scheme has two stages. At the 
first, pellets of iron-ore concentrate carrying mainly iron and 
oxygen are charged into sixty-metre shaft units fired bynatural 
gas, where they get rid of their oxygen and are turned into metal- 
lic pellets consisting of iron almost fully. At the second stage, 
the metallic pellets are charged into high-power arc furnaces which 
Produce high-quality steel free from sulphur and other impuri- 
ties always finding their way into steel from pig iron which in 
turn inherits them from coke. 

What is then the advantage of the new scheme if it has two 
Stages all the same? Is it worth while swapping an awl for a 

Tick of soap, as the Russian proverb says? The answer is yes. 

Above all, the new process does away with the expensive and 
Scarce coke. The blast furnace which brings the metallurgist to 
deal with molten pig iron and slag is replaced with a simpler and 
more manageable process involving pellets which cause far less 
‘rouble than the molten streams. Nor ought we to forget that the 
Pellet-handling units are practically clean for the environments 
while the blast furnace is not always averse from sending its gray 
clouds into the blue sky. Last but not least, the Oskol process turns 
out a steel of high quality, capable of serving for a long time 
and reliably under the most adverse conditions typical of modern 


technology. i i 
Loss this mean that direct steelmaking am a are e y ea 
last fur where and very soon? course, not. Where 

eget ode large, as they are in the Soviet 


he À 
reserves of coking coal are as > 
nion, blast furnaces will remain in service for many years to 


come, and pig iron will there e the primary starting material 


for s 
teel d i versi 
" making. e busy improving the conversion 


hat is w ientists ar 
S why many scien 

blast-furnace jig iron into steel ever more. One approach seems 
vato ] batch processes with continuous steel 


lo re NS 
place the traditiona f i t 

aki ; as it, the operation of the converter, 
th oe practice today n -hearth furnace involves several 


e electric furnace and the open l ó A 
Steps s i e starting materials and tapping the fi- 
ea oe s eh the duration of a heat may be, it 


nishe a 
Stands beue o of making the entire cycle a continuous process 
fering P OD ies benefits, both technical and x pm Jm 

etallurgists in many countries have of late qe playing w l 
the ia d :nuous steel-making. The scheme propose 
6 of truly sont de of continuously operat- 


vi SG isages à casca ODS 
viet scientists Mr. aE materials, such as molten pig iron, 


Ing re A 

actors. The starting ; ^ i 
um i ously fed to the reactor wou 
Tap, and metallic pellets continu y cma. 


consecuti h all the stages of the c 
"acp ecran other reactants, they would turn to 


fore b 
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i instead of being cast into large ingots, the molten 
Ti E etd through a continuous casting machine Ton 
SR solid rod, bar or slab could be extracted by pinch ro m 
T A continuous steel-making plant seems to be still some lec 
although pilot units have been tried. In contrast, continuous 


" " e ] 
ing machines have long been in service at many iron and stee.: 
works. 


» a different scheme of continuous 


neer, was able to produc 
nuous casting machine o 

In the Soviet Union, y 
Started under Bardin's 
à pilot installation w 


S or bars directly, thus supply- 
ing the feed for the subsequent rolling operations. There is n 
longer any need for cast-i 


wuron moulds to take care off prior to teem- 
ing or for facilities with which to strip the ingots, that ie A 
remove them from the moulds after they have solidified. Nor 15 
there any need for huge and expensive blooming and slabbing 
mills where large ingots are ordinarily rolled into billets and 
slabs. Nor have the ingot 


S 1 S to be re-heated prior to rolling in 
soaking pits or re-heating f 


urnaces, 


e scrap from cropping of ingots an 
has improved the quality of : o in ee it has 

n pro -onditions and lends itself readily to mecha- 
nization and automation, 

A good deal of progress in continuous steel casting is associated 
with the name of Alexander [. Tselikov (1904-1984), an outstand- 
ing Soviet metallurgist, As a boy, he wanted to be an airplane 
designer. When, in the early 1920s, he became a student of the 
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Bauman Higher Technical School in Moscow, his plan seemed 
eventually to come true: he was studying aircraft design. But, as 
fate would often have it, he was sent, after his third year at the 
School, to do his practical assignment at an iron and steel works, 
and not an aircraft plant. 

As Tselikov recalled later, “To tell the truth, I wasn’t particu- 
larly happy when I was told to go and do my practical assignment 
at the Dniepropetrovsk Iron and Steel Works. My strong wish 
Was to make airplanes ‘with my own hands’. But the Works struck 
me. I saw a firework of molten metal, the white-hot bars whisk- 
Ing two and fro between the rolls of the mill, and the sweating 
Workmen who bent the bars by hand and guided them from one 
8Toove to another. 

Perhaps, it was my first impression of what I had seen that 

made me take a fresh look at my life plans. Yes, I wanted to be a 
Mechanical designer. So could there be anything more challeng- 
ing than to make machines that would relieve man of the dirty 
and hazardous job next to the molten metal? It was then that I 
made my final choice”. 
s Yes, ihat i turn of bad luck for Tselikov as a student, but 
it was a turn of good luck for Soviet metallurgy which soon ac- 
quired in him a talented specialist who formulated the basic 
theory of machine building for steel-making. s 

he principal line of business for Tselikov was rolling processes 


and p] his guidance that a whole range of truly 
ne a loped, capable of turning out both 


"nique rolli i e deve 
vaditiongl BLA products and unorthodox pieces such as 
Spheres ears. | 

ut eges e n scientist and engineer lived not by the 
Toling business alone. His interests went very wide indeed— 
from mammoth blast furnaces to tiny 'mini-plants' in the most 
Critica] industries. The Research and Development DE 
faded by Tselikov for many years was the cradle o commercie 
oundry and rolling units used in non-ferrous meta "iid e 
World's largest hydraulic press, and an unorthodox dere 
Steel-making plant comparable in production rate with the con- 
Verter, 

It w thin its walls that the first steps were made towards 
making a pcs Lue idea of merging all a " the metal 
Making chain into a single continuous entity. As r elieved, 

We've reached a point where continuous steel making, conti- 
qtous steel casting, and continuous rolling can be merged into a 
Mele flow” j , 

i asti ive drive, the desire to be amidst the most 
igen nar n ia priu and the knack of seeing far SM 
Were al] among the features that distinguished Tselikov, an Aca- 
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ician and twice Hero of Socialist Labour. But his portrait 
M been incomplete if we had failed to add one more 
touch: even in a very advanced age he could, like a youth, gem 
in the cold waters of Lake Baikal or across the river Dnieper ur 
ing the spring flood. That was a feat, indeed, for as the Qe 
author Gogol says, "Not every bird can fly as far as the middle 
of the Dnieper". i 

Now that we've come to speak of this remarkable river, let's 
move in our minds to its banks, the more so that we have a suffi- 
cient reason to make such a trip: ancient Kiev is the home city 
for an institution that has been making many and valuable con- 
tributions to state-of-the-art high-quality metallurgy—the 
E.O. Paton Institute of Electroslag Welding, headed by Boris 
E. Paton, twice Hero of Socialist Labour and one of the biggest 
masterminds in many fields. It is in this Institute that a funda- 
mentally new metallurgical process has been developed the elec- 
troslag remelting (or refining) of metals and alloys, which has 
justly won recognition the world over. 

This is how the remarkable process was invented. In the late 
1930s, what we know today as the automatic submerged arc weld- 
ing process was developed simultaneously in the USSR, the 
USA and, a bit later, Germany. Two materials are used in sub- 
merged arc welding, welding flux or, rather, slag, and con- 
sumable electrode wire. Incidentally, many people not acquainted 
with metallurgy or w 


elding wrongly believe that slag is something 
unnecessary or even harmful. In fact, slag plays an extremely 


important role in metallurgical processes: it shields the molten 
metal from the harmful effects of atmospheric oxygen and nitro- 
gen and absorbs all kinds of impurities like a sponge, thus cleans- 
ing the metal. Indeed, it is a Scavenger for the metal, and makes 


it clean and healthy. This is the reason why slag is an indispens- 
able participant in most 


metallurgical and some welding pro- 
cesses. 

Soon after automatic submer, 
Europe was caught in the flam 
all calamities that h 


hye, 
they found heaps of debris, di ps yecaptured Zaporozhy 
furnaces and hot-blast stoves. 
Tt was in 1948, during the rehabilitation of the Zaporozhye 
Works that a seemingly minor event took place, which was tO 
become the point of reference in the records of the electroslag 
refining process. Automatic Submerged-arc welding machines were 
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ausy, making the shell of a blast furnace. The weld quality was 
stilitierged always—in fact, as it used to be during the war when 
work Be arc welding was employed to make tanks. Repair 
at Went on quietly and steadily, although the are would go out 
nda ee, But the machines went on as if nothing happened. That 
ine mean only one thing: even in the absence of an arc, electric 
iom T kept on flowing through the blanket of slag and generated 
eet gh heat to melt off the electrode. Unfortunately, the weld 
e 2 looked now like a steel stalagmite hanging between the 
jon S of the plates without touching and, consequently, without 

ning them together. 
a matter obviously needed an inquiry. Researchers a 
XM n Institute carefully examined both the process variables 
en the weld metal. The welded steel was amazingly good: dense 
free from sulphur, oxygen and other impurities. To all ap- 


Pearances, the slag was guilty. ' 
thei e necessary adjustments were made, the machines resumed 
See T work without a hitch, and the annoying accidents, it would 
u m, could well be forgotten. But the researchers couldn't give 
es the excellent steel that had trickled through the blanket 
in ag. A tantalizing idea occurred to them to mako à su stan ia 
m. the same way as the steel stalagmite had formed of its 
Ccord. 

naleaded by Boris Paton and Boris Medovar, later à Merher g 
je Ukrainian Academy of Sciences, the research leom, at i 
institute set about to implement the idea. In 1952, eps e 
ioe Was produced in an electroslag refining unit i i 

Sen MU, and six years later à commercial electron ag utd 
vont into operation at a specialized steel works 7 m m 

tended to refine steel for the consumable electrodes us 


Tpeslag process. 

and K high quality of the steel, th 
he simplicity of the equipmen iumphantl 

s d muenntlont for the electroslag proces. It ie United 

ive all over the world. Britain an est © aie a buying the 

„ates and Japan, Sweden and France ing process at their steel- 


rs at the 


e relative ease of the process 
‘ned to win an unpre- 


t combine 


been improved, the 
nd a whole Ves 

ecially een 
furnace designs have appeared. ; esp robes 
“the Electric Welding where 


Te 

able Kable at the Institute of 
his  ectroslag refining process (oF ©. d 
deter P producing large 


'S writi 2 

ing quite a number 0: 
Outside the Soviet Union, each capable wem I s shape 
ots some two hundred tons in weight or € 


8—09» 
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solely decided by that of the mould where the molten steel gra- 
dually accumulates and solidifies. . — 

Apart from ordinary ingots, ESR units can turn out ‘san 
wiches’ of many layers of different metals or alloys. In fact, 
ESR units can make blanks cast to nearly their true shape, such 
as crankshafts, high-pressure vessels, and gears. 

The scavenging action of slag is utilized in one more metallur- 
gical process developed at the Bardin Central Research Institute 
of Ferrous Metallurgy, USSR. The process has to do with synthe- 
tic slags that are added to the molten steel in the ladle. The idea 
of the process which produces steel of an especially high quality 
dates back to 1925 when A.S. Tochinsky, Chief Engineer of the 
Ilyich Works in Mariupol, USSR, proposed to pour steel from 
the furnace into a ladle to which some quantity of specially pre- 
pared molten slag was poured in advance. 

Tochinsky's idea was this: the stream of molten metal poured 
into the ladle would pass through the blanket of the lighter slag 
and would intimately mix with it. Because of this the area of 
contact between the two would increase appreciably, the slag 
would have a better chance to produce its scavenging action on 
the steel, and the metal's quality would thus be improved. The 
process didn't, however, catch on for some reasons. It wasn't un- 
til the early 1960s, after a good deal of field testing and debugging, 
that the refining of steel with liquid synthetic slags was adopted 
for use in open-hearth, converter and electric-furnace shops at 
some iron and steel works in the Soviet Union. 

Some other promising processes of steel conditioning outside the 
furnace have been proposed. Basically they consist in that the 


steel making unit, which may be a converter, an open hearth 
furnace, or an electric furnace, doesn’t produce a finished steel— 
what comes out of it is a melt 


e whose analysis is very close to that 
of the desired steel. Obviously, it needs further conditioning, that 
is removal of objectionable impurities and addition of alloying 
elements. As with synthetic slags, all this is done in the ladle: 
the hot metal is blown with an inert gas such as argon or with 
mixture of a gas and slag powder. 

What are the advantages of what is often called ladle metallur- 
gy? Above all, there is an impressive increase in the production 
rate of the furnace because all ‘finishing’ operations take place 
outside. Also, as the metal is vigorously stirred in the ladle, the 
chemical reactions are spee : 


ded up, the steel is better degassed, 
and ihe unwanted nonmetallic inclusions are removed more readi- 
ly. This serves to improve th 


e quality of the steel —a key objective 
sought by any steel maker. For it takes smaller quantities of ? 
high-quality Steel to meet the needs of mechanical engineering; 
civil engineering and other steel-intensive industries than a stee 
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w poas quality. 
ere is sti : 
with which still another process or, rather a group of processes, 
his is Nowder can save on steel no less efficiently and rationally. 
are made b er metallurgy in which blanks and finished products 
the y compacting metal powder charges and by sinterin 
wee compacts. d 
ing d DIE asked a great sculptor how he went about, turn- 
“That's: vo ess lumps into his masterpieces, the sculptor said: 
ditional] ry simple—I only chisel off what is unnecessary’. Tra- 
the sur ^a mechanical parts are manufactured by ‘chiselling off’ 
their final metal from blanks. Sometimes blanks lose many times 
lallurg Pg of metal as chips and othe 
compacted ers a different approach: a charge of 
is nothing in a mould of the desired size and shape so that there 
liis g to be 'chiselled off' later. 
3i Process is among the most promising ones in state-of-the- 
elallurgy and, paradoxically, the most ancient. 
Pharaoh Tutan- 


exam " y among 
ple, archaeologists found in the tomb of : 
0 B.C. a dagger decorated with 


cha 

Powden who flourished about 135 ger 
lecs a gold. There is some ground for pelieving that the Az- 
now ne Inkas and other aboriginal inha itants of America ha 
before how to make jewelry from le metals well 
from «y c Lumbus discovered the New World. Anyhow, We know 
last ar ironicles that early in the 16th century Montezuma IT, the 
‘St of the Mexican emperors, gave the Spanish conquerors AS 4 


gift to the Ki 
ë e K i mirrors—We 
ing of Spain several platinum m ze tie Moxi- 


and hi 
can, highly polished sheets of platinum. ed 
whieh ake them? It is not unlikely that they knew tech km 
1 came close to the powder metallurgy 9 our time. For 
reached C, and high temperatures like that were 
ed by metallurgists a good deal later. 4 
7 Jy as it should for 
rine] eet Se i Yis Firstly, the 
h other known 


eed for j y : st 
1 i : d well w! 
t arose infrequently: people ae S ailable to dem 


e s 
pode der metallurgy was 
scientist 


art 
For 


writ important page in 
and ie by Pyotr G. Sobolevsky, à s 
engineer. When, in 1826, he was ap in | ad Salt dnb, 

rtment 0) 1 Pharmacy” ii 


oin 
t Laboratory of the Departm 
ne Mining Corps of Cadets; and thé Chief fall gist, set Voit 
ar ist, 
.V. Lubarsky: ? M inum aie 


Sista 9 he an A i 3 

ise ways and means 9 turning raw Pie : 

heat metal. The snag Was that none of existing fu E 

ticks platinum to or around its melting point. But: * "platinum 
lans would say, that was ? necessary conditio 

8x 


to q 
ab] 
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t into any desired shape. That was a hard nut to crack. 
2» When à press ict be taken by a direct assault, other appro- 
aches have to be tried. That was what the researchers did. They 
filled an iron mould with platinum sponge (obtained by treating 
a suitable ore with some chemical agents), placed it under a 
screw press, compacted the sponge, raised the compact to a white 
heat, and applied a heavy pressure again. The metal succumbed: 
without melting, the sponge turned into a solid piece which 
couldn't be told from a casting. That's how the two researchers 
came upon a process which is being practised even today. Indeed, 
it lies at the basis of all powder metallurgy. 

Sobolevsky's services were duly rewarded. At the suggestion 
of the Finance Minister, the Czar ruled that the scientist be paid, 
*by way of an exemplary recompense' twenty-five hundred roubles 
a year over and above his salary 'so long as he remains in ser- 
vice'. As to the revived process, it was again practically forgot- 
len before long because furnaces were built, capable of heating 
their charge to a fairly high temperature, so that platinum and 
other refractory metals could be cast into shapes by the more 
familiar foundry techniques. 

This time the oblivion was a short one, however. The early 
years of the 20th century saw an explosive growth of electrical 
engineering which needed large quantities of tungsten, molybde- 
num, titanium and other highly refractive metals which melt at a 
lemperature higher than the melting point of platinum. That 
was where powder metallurgy came into the picture again. 

Indeed, powder metallurgy came to stay, and it is especial- 
ly important in our time when the process has at its disposal all 
the machinery it needs for powder preparation, compaction, an 
sintering. As compared with casting, rolling, or machining, the 
manufacture of sintered products takes less time, floor area, 
and equipment. 

Powder metallurgy produces materials which can be obtained 
with difficulty, if at all, by any other process, such as tungsten 
and titanium based sintered carbides, or pseudo-alloys of metals 
(such as tungsten and copper) which won't mix when molten, or 
copper-graphite, aluminium-alumina and other composites, or 


a long range of porous materials that have found many uses in 
state-of-the-art technology. Articles 


£ made by powder metallurgy 
are highly stable chemically and highly PAS in ME 
factors of x Aen s parvae 

Powder metallurgy has a highly promising relative—spray me- 
tallurgy. Advanced research in this field ji under mes "i the 
USSR Institute of Light Alloys headed until quite recently by 
Alexander F. Belov, a prominent metallurgist, Hero of Socialist 
Labour, and a member of the Academy of Sciences. Among his 
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merits are a huge potential as an or anizer, far-reaching intuiti 
a technical matters, and the knack of pin-pointing p Sn dee 
tt e most crucial problems. He joined industry as a young man in 
ne late 1920s and rapidly climbed the ladder from a shop’s engi- 
TUNE to director of a works. As director of a works, Belov ee 
os upon advances in science. Later, when he was appointed 
ead of a research institute, he steered its activities towards 
Mg ihe. practical needs of industry. Age seems lo have no 
Den over him: as he used to do as a young man, he doesn't look 
easy ways, but follows unbeaten paths. Spray metallurgy is 


one of them. 
What is new and valuable about it? 
It has long been noticed that the rate at which a molten metal 


solidifies has a vital bearing on its structure and, in consequence, 
me during which solidification 


m properties. The longer the ti 

akes place, the coarser the grain, and this leads to a greater num- 
er of flaws in the metal’s structure. Quite logically, what one is 
to do is to speed up solidification. But how can this be done in an 
ingot of many tons in weight? 

_ The researchers fell upon the idea of making minute ingots— 
tiny metal particles, or granules, measuring just a few microns 
across. As we know now, by spraying the molten metal into gra- 
nules it is possible to reach extremely high rates of cooling— 
tens or even hundreds of thousands of degrees per second. The 
granules thus obtained are free from any structural flaws—there 
is simply no room or time for them to develop. Now it remains 


only to bond them together into the desired shape. This is done 
of several thousand atmospheres 


by applyin uge pressure 

Which pm d plage of granules into a monolithic dense 

mass. Critical parts made by spray metallurgy for gas turbines 

can stand up to tempe excess of what can be 

endured by similar par lloys by conventional 

methods, 
The manufacture of parts by powder 


leaves no wastes, and so it does no harm 
in contrast to many other metallurgical processes. It must openly 


€ confessed: metallurgists and chemists have won the unenviable 
reputation of polluting the environments. But while we oughtn't 
await favours from Nature, it is entitled to favours from us. One 
Such favour or, more accurately, consideration for and care of 
ature, of our home planet, is the use of low-waste manufacturing. 


ratures greatly in 
ts made of nickel a 


and spray metallurgy 
to the environments, 
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Fire Alone? 


in Seawater — The Unforeseen ‘But — A Million Tons a Second? — 

Uranium. from the Sea— The Profitable Bargain — The Division ; of 'Proper- 

ty'— Stone Eaters — Left-Overs from the Lord's Meal — Day and Night — Phan- 

tasy or Reality! — As If by Agreement — The Mysterious Fact — Migrating 
Impurities — Cold Instead of Fire 


For millenia, fire has been man's principal helper in the extrac- 
tion of iron, copper, lead, tin and other metals from ores, and 
the ores have always been coming from the only source of practi- 
cally all minerals, including metals—the Earth's crust. The only 
exception is perhaps meteoric iron, but it usually finds its way 
into man's hands after it has travelled a lot in the expanse of the 
Universe and has come to rest on the Earth. Man has been spend- 
ing a good deal of effort in attempts to find deposits of metal- 
lic ores on land while there has always been an inexhaustible 
treasury of gold, magnesium, Sodium, chlorine, boron and other 
metals and nonmetals next to him—in the seas and the oceans. 

Scientists have long known that sea water carries many chem- 
ical elements, but they were unable until quite recently to find 
a key to the treasury despite many attempts. The greatest lure 
among the marine treasures was of course gold. 

It was Fritz Haber, a prominent German chemist, who was 


among those who were keen to extract gold from sea water. He 
began his search for a 


g lor a workable scheme right after World War I, 
driven by the desire to make it easier for Germany to pay its War 


contributions. In the eight years that Haber spent on his work 
he was able to achieve qu 


: ite a lot: he developed extremely accu- 
rate analytical procedures b 


s clear that the game wasn’t worth 
the candle. 

Over a half-century has passed since, and what once defeated 
Haber can readily be tackled at the present state of the art. Re- 
search in this field is underway in many countries and the ocean 
will sooner or later become an inexhaustible gold field. 

But gold is not the only thing man is after. It's worth while 
trying to extract other metals from sea water, the more so that 
many of them, such as lead, è 


zinc, copper, and nickel, are not 
very abundant on land, and their reserves are dwindling 5° 


Fi ? 
ire Alone? 40 


fast 
oe they may well be fully depleted in a few decades from 
Tq quic vo have already built offshore units for the extrac- 
but it Merced from sea water. This is a small-scale activity 
ved in th s a great promise. The reserves of magnesium dissol- 
to S. Seas and oceans are so great that even if we were able 
us close it at the rate of a million tons a second, it would take 
oi Pob two millenia, or as much as has passed since the birth 
T to exhaust them completely. 
would din n] an idea has been put forward to build a plant that 
an offsho ract uranium from sea water. The facility is to consist of 
or a tot $ array of nets treated with titanic acid and stretching 
water will of eight kilometres. On passing through the nets, sea 
hium di ill enter a reactor to be treated for the recovery of ura- 
ject hae As the Japanese scientists responsible for the pro- 
same ieve, the uranium extracted from sea water will carry the 
omole as the one produced on land. The plant which is to be 
eted by the early 1990s will produce nearly a thousand tons 


uranium a year. 
the oe the many processes used by hydrometallurgy, that is, 
Suitab] raction of metals from aqueous solutions with the aid of 
or | e chemical agents but without resort to fire so traditional 
metallurgy, is sorption, or the taking up of a substance in 
uses by another substance. Most commonly, sorption technology 
of hee exchangers, oF solid materials capable of donating some 
Sent ir ions to the solution in exchange for particular ions pre- 
m M solution. 
e many and diverse, 


le ion exchangers currently i 
3 y in use ar : 
y some will take up 80 ^» 
is profitable 


each 


Others 
n platinum, still others copper, an 
or op on offers a means 0 
Proper ene any two meta 
and Thies and occurring 
menta nium, tantalum an 
lives" m Boris N. Laskorin, à " Le 
ing ,' ,!0n exchange technology will soon a 1 
cos, DOSition in all fields of hydrometallurgy and chemical pro- 
ag”, 

another process used in hydro- 

m " anic liquids will 


A : 
meta] ho !ent is solvent extracti Som 
t man t 

e . These fluids, known 


disso] urgy, based on the 
as ly than does water 
sol Vents pull, as it were i rom an aqueous 
diste? and the metal is then freed from vent enbas by 
zm lation, evaporation, crystallizatlo Ao heath ere 
d Several solvents in succession, a Dien e a 
ide’ all of the ‘property’ present in so ne such app!i- 


bling each, 


re, such as zirconium 


“di we ar 
E H 
i lution. O 
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cation for solvent extraction is the separation of the short-lived 
radioisotopes of various chemical elements. ; n 

There is a very promising division of hydrometallurgy in which 
metals are extracted by bacteria. It is a well-known fact that 
bacteria play an important role in the turnover of matter in Na- 
ture. It has been found that some of fossil minerals owe their 
origin to bacteria. In his day, Academician V.I. Vernadsky took 
a very serious view of hydromicrobiology. In our time some of 
his ideas have found practical applications. 

For the first time the technical community learned of ‘metallur- 
gically minded' bacteria at the beginning of this century. At the 
time, some of the copper mines in Utah, USA, were abandoned: 
their owners had flooded them with water, believing there was 
no copper ore left. When, two years later, the water was pumped 
out, it was found to carry several thousand tons of copper. A Si- 
milar event happened in Mexico where ten thousand tons of cop- 
per were ‘scooped’ out of the abandoned mines which had bee? 
dismissed as hopeless. 

Where does this copper come from? Now we know that for some 
bacteria the sulphur compounds of certain metals are a favourite 
nutrient. Since copper in Nature is usually combined with sul- 
phur, these bacteria are not indifferent to copper ores. By oxidiz- 
ing the water-insoluble sulphides of copper, the bacteria turn 
them into easily soluble compounds, and do that at a very high 
rate. While the ordinary chemical oxidation of chalkopyrite 
(a copper mineral) removes a mere five percent of the copper in 


twenty-four days, bacteria can leach out eighty percent of the 
element in just four days. As is seen, the bacterial ‘labourers’ do 
show a good performance, indeed. 


_ True, the ‘feat’ was accomplished in an experiment under prat- 
tically ideal conditions: the temperature was maintained at 2 
comfortable value of 30 to 35°C, the mineral was finely divided, 
and the slurry was stirred all the time. However, there are quite @ 
number of facts showing that the bacteria can ‘be rather unpre- 
age yes as paemolithotrophic or ‘stone-eating’, they 
can do their job in the Polar rop; mens in 
the Kola Peninsula. egion as willingly as they do 


Bacteria can come in especiall 
mine's operation: as a rule, as m 
the ore is left in what is usually classed as a depleted orebodY: 
It is not economically attractive, if at all isla to mine tl 
remainder by the usual techniques. On the other hand, the tiny 
servants of man can readily find thei : 


rw and pick 
up all leftovers from the ‘lord’s meal’. | E alban 


Bacteria may well be used to te-work spoil heaps. The coppe” 
mines at Cananea, Mexico, have accumulated close on forty mil- 


Y useful at the final stage of 4 
uch as five to twenty percent 9 
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lion tons in their waste dump. Although their copper content is 
meager (hardly two tentlis of a percent), an attempt was made to 
Spray them with water from the mines and to let the water col- 
lect in an underground reservoir. The yield was three grams of 
Copper from every litre of water. The operation brought in 650 tons 
of copper from ‘nothing’ in just one month. 

Huge piles of copper-bearing muck can be seen towering next to 
the copper mines near Salt Lake City in the western USA. The 
piles have been turned to natural :Jeaching vats' where the job is 
done by bacteria. The piles are sprinkled with acidified water, 
and this seeps through the bed of muck. This offers a happy oppor- 
tunity for leaching bacteria to multiply at a tremendous rate— 
Several million bacteria have been found to flourish in every gram 
of material sampled from the top of a pile. Owing to their activi- 
ty, the solution picks up ever more copper and goes to traps 
from which it is transferred for processing. Over one-tenth of the 
Copper produced in the United States comes from the bacterial 


process. ] , è 
Bacteria are employed by some mines in the Soviet Union, 
] leaching of copper went 


too. The first pilot unit for the bacteria h 
Into operation at the Degtyarsk copper deposit, among the larg- 


est in the Urals, in 1964. Here, the huge spoil heaps near the 
abandoned open pits and the ore dressing factory, accumulated 
during the many years of operation, had turned into a deposit of 
lean Copper ore. It was there that ‘stone-eating bacteria were let 


lo do their j uld be no complaint about their diligence: 
oir jor M e thus obtained. The bacterial extraction 


many tons of copper Wer À : 
of Copper at Dogtyarsk is now a commercial activity. Bacteria are 
recruited’ for work on a large scale at other places in the Urals 
and Kazakhstan. 


no need for miners working underground, 
and dress copper ore. All that is necessary 
ilions of tiny ‘metallurgists’ which, | 
Work untiringly day and night, helping 
© needs. P ; 3 
According to research done at the USSR Institute pepe aed 
8Y, copper is not the only metal that attracts industria acteria. 
eir taste is broad indeed: they can handle iron, zinc, nickel, 
Cobalt, titanium, aluminium, lead, bismuth and T» other ele- 
ments i RV le metals uranium, gold, germanium, 
nte including the valino d that bacterial leach- 


and rheni everal years ago it was proved t J 
Ing Pas es the rare metals gallium, indium, and thallium. 


The > based on geomicrobiology substantially cut 
own the lows of valuable metals underground. An unquestionable 
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advantage of microbiological processes is that qnid eciam 
can be extracted at a time. For example, copper ores o = ‘ae 
sulphur, iron, gold, silver, cadmium, zinc, indium, th E TEN 
gallium, selenium, tellurium and some others which, with a 
ventional technologies, usually go to a spoil heap. Bacteria won 


just remove the principal ‘value’ of an ore—they will collect the 
other ‘values’ as well. 


Bacteria are useful when it comes to hard-to-dress, or ML 
ant', gold-bearing ores. Bacteria are well equipped to bring won 
gold finely dispersed in arsenic pyrite concentrates to rais! 
the yield nearly ten-fold. Bacteria 'know' how to remove arsenic, 
a highly objectionable impurity, from gold or tin concentrates; 
the arsenic thus removed can then be used as a product in i 
own right. Bacteria hold special promise for the beneficiation 0 


ap on a commercial scale the hard- 


eep in the Earth's crust. After suit- 
lled 


i ,nS$henetsky believes, “The time is p 
far off when industry will be widely using microbes as activ 
‘producers’ of valuable metal, i 


. Perfect and 
‘agents’. Again, this activity can readily 
Imshenetsky is a microbio 


; k 
our esti e outloo 
for the new technology? Howey, mate of the futur 


. . . is 
er, his view is shared by Bor 
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= Paton and Boris I. Medovar, both of them leading authorities 
n the electrical metallurgy of special steels and alloys: "There's 
rh reason to expect that the future lies with biometallurgy. 
rough it man will be able to produce iron and other metals and, 
i sioro; various steels and alloys of remarkable purity and qua- 
hi y on an unlimited scale and without detriment to himself and 
el environments. Biometallurgy needs no refractories, fluxes or 
uels, and any chance will be eliminated for objectionable impuri- 


ties (both solid and gaseous) and for nonmetallic inclusions to con- 
ay towards improv- 


laminate the product. All this will go a long W 
am the service qualities of metals to a level we can now only 
ream about on the basis of what we have learned by testing tiny 


Specimens made in the laboratory from ultrapure starting mate- 


rials”, 

1 While bacterial metallurgists are learning their new trade, 
et’s touch upon one more field of activity which has long been in 
Use at works producing nonferrous metals. It has to do with the 
Production or refining of metals by precipitating them electroly- 
tically from aqueous solutions or melts. One example is the pro- 
duction of aluminium the world over by the electrolysis of alu- 
mina dissolved in fused cryolite. The electrolytic production of 
aluminium from clay was invented, almost at the same time but 


aidepe harles Martin Hall of the United 
ntly of each other, by C aree Ma iin in Htc. of 


ates and Paul-Louis Héroult of 
Science and technology knows quite a number of cases c two 
Scientists made the same discovery in the same year, and t i» en 
2 ence wouldn't have been worth mentioning but for wor 
ze Hall and Héroult were born in the a» year 1863 and died, 
: i r 1914. 
by agreement, in the same yea Aem PME 


The â "o Sam in 
a e essentials of their discovery rema jasis 3 
i minium industry, and this causes many scientists to, rack 
leir brains over a very mysterious finding. [oues i: ee 
3 tomb where General Chou Chu was buried in the e y 

llic ornament on 


hoy A.D. R fi i of the meta 

i .D. Recently, a few pieces : 
is tomb were Ayed spectroscopically. What was found ae 
repeated over and over again. But 


unex 
"expected that the test was and ‘ning: the alloy 


peek tl i ins nt read the s 
me the unbiased instrument ? t e a 
“sed in the ancient ornament was eighty-five percent aluminium. 


Vt how could shuminium he possibly amase heh man might 
-D.? For the only form of electricity, IE any, 
be ay OF Ineo go i i but they are no good to take 
Vare at the time was lightnings, u 1 
Part j : ins only to presume that some other 
method pe ja ne Ierome d known in those far times, 
of making à of centuries. 


metal-makers 
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idely rely on crystallization in the preparation of espe- 
prid Dare pias and semiconductors. Here they utilize the 
difference in composition between the solid and liquid phases. 
One example is the zone refining of antimony, an important 
starting material for the semiconductor industry. + 
The doping of germanium, one of the chief semiconductors, with 
just one millionth of a percent of antimony noticeably improves 
its ‘business qualities’. But as a dopant, antimony must be pure 


to the utmost. This is where zone refining comes in as a way of 
making a chemically ‘sterile’ material. 


g with the molten zone, the 
of the ingot. This part is crop- 
-Purified antimony—may be shop- 
ped to any customer however discerning he may be. For crit- 
ical applications, zone refining may be carried out more than 
once. It may be noted in passing that the ultra-purified antimony 
of Soviet manufacture, shown at the 1958 World Exhibition in 
Brussels, was found to be the world’s best and accepted as à 
world standard. 

Metal-makers loday have at thei 
diverse processes many of which } 
the traditional symbol of metallur 


T disposal a wide range of 


of pure copper. As you see, o 
Process is the action of low temperature on the feed 
Yet, high-temperature proces; i : 
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The Metal-Melting Beam 


A Beautiful Y 

Hale arn or a True Story?—The Cloud-Covered Skies — The Ri 
Chariot ore Would the Sea of Azov Go!— The Sun at Work — The Fiery 
rens — Mi elios — The Bombardment of the Metal — At the Mercy of Elec- 
demician gera Falls from the Water Faucet? — The ‘Killer Beam’ of Aca- 
asov — The Laser and the Valve Face — The Duet with the Plasma 


es € legend goes, the great Archimedes focused sunlight with 
Tt is rmi and burned the invading Roman ships. 
spun b i ficult to say with certainty what it is: a beautiful yarn 
of hist. an ancient chronicler or a true story, because the science 
ilie. has no authentic documents that could confirm this 
rapto phase in the 'friendly relations’ between Rome and 
Y Co se, one of the greatest cities of antiquity founded in Sicily 
Burg d settlers about 730 B.C. 

intoa e idea of making a ‘gun’ that would concentrate sunrays 
Powerful ‘killer beam’ has been attracting to many inventors 


Since ancient times. 

for TM those who were the first in trying to harness sunlight 
etal-making purposes was Henry Bessemer, the British in- 
On drifting away, with years, 


ilt, in 1868, a solar fur- 
he furnace turned 


deas. 
with a in the 19th century, lting of metals 
Profe Plight concentrated by a para d by 
Tofessor V, Cesarsky in Moscow. The temp 
‘righ was as high as 3500°C. That was the 
d t hell' in which to melt any metals, albeit 
Way But Cesarsky's experiments were not destined to pave the 
Y for the Sun into metal-making. ; J 
aero the idea is basically sound. For the Sun, like a giant 
e ear fusion reactor, is continuously generating and emitting 
es eid in immense quantities. Although what our planet inter- 
lig, S is only a negligible fraction—just one two-thousand-mil- 
o nths of the total, but even this tiny bit reaching the Earth free 
charge every year is thousands of times the total energy con- 
by an order 0 


the d is f magnitude greater 
Foa ova tored in fossil fuels. In fact, if all 
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lar heat reaching the Earth’s surface during only one se- 
D et nc down upon, say, the Sea of Azov, we would be n 
to go for a walk on its floor in a few minutes—all of its wate 
would have been turned to steam by that time. 

Unfortunately, man is wasting this wealth headlessly and uses 
only a few crumbs of the Sun's lavish gift in industry. Why is it 
that we aren't thrifty about it? K 

The main reason for this state of affairs is that solar energy 15 
distributed over the Earth's surface far from uniformly, and so 
the solar energy per unit of surface area is low. Therefore, the ba- 
sic thing for scientists and engineers to do is to devise ways and 
means of concentrating and Storing solar energy. 

That's why—recall Archimedes—specialists have always been 
turning to the mirror: it has been their hope in metal-making aS 
well. Perhaps the first to harness the Sun for metal-making on 8 
large scale was Professor Felix Tromb, a French scientist, and 
the event took place at Mont Louis in the eastern Pyrénées. Stand- 
ing there fifteen hundred metres above sea level is a fortress built 
somewhere in the 17th century. In the early 1950s the fortress was 
destined to be ‘rejuvenated’: a team of scientists had chosen it aS 


à site for a solar furnace designed under Tromb's guidance. Soon 
after the furnace was 


: i t 
i put in operation, a symposium was held a 

Mont Louis on the use of solar energy, and the participants had à 
chance to see the furnace in action. 

i Very slowly, almost imperceptibly, a special platform was 
lifting a handful of white powder to the focus of a large parabolic 
mirror. When t 


i he platform was at the focus, the spectators coul 
see a dazzingly bright, white flame go up in a flash. 


“The white powder was zirconium oxide. Placed at the focus of 
the parabolic mirror, where the concentrated sun light raises the 
temperature to 3000°C, the powder melted. The accompanying 
flash could onl darkened glasses. The tiny 
heap of molten platform looked like a vol 


he sun" 
light reflected from the mirrors was prd ue (ueni 
lic mirror which concentrated the solar energy in the crater of ihe 
furnace. " 

Several years after the event at Mont Louis, the Sun was made 
to work again at the mountain village of Odeillo, not far fro™ 
Mont Louis. Another solar furnace was built there—a good op 
bigger than its predecessor. Visitors to Odeillo are always struc 
by the sight looking not unlike the scenery for a science-fictio® 
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film. Standing next to the i i 
es ndi P ancient spired church is a i- 
"s Perd of an extremely functional design. AE i 
Mu on E aboratory. All of its north-looking facade is a gi- 
"The als olic mirror forty metres high and fifty-four metres wide 
of hehe opposite the building is studded with rows upon rows 
Helios ats—rather large mirrors. The sun rays caught by the 
dann s are directed upon the parabolic mirror which reflects 
s a powerful, concentrated beam onto a melting furnace, 


o it to about 3800°C. 
of cee deillo furnace can turn out close on two and a half tons 
Gee (as against the sixty kilograms produced by the 
sain u Mont Louis). The thermal power generated by the sun- 
n the furnace is equivalent to a thousand kilowatts of elec- 


tricity, 
Peet ag important thing about solar furnaces is that the mol- 
ply Fuss doesn't pick up any objectionable impurities—they sim- 
alloys t come from anywhere. Because of this, the metals and 
dente in a solar furnace are extremely pure and are in high 
needn't. Solar smelting has some other advantages. Firstly, one 
it to pay anything for the energy used—the generous Sun gives 
man free of charge and is prepared to do so for ever. Second- 
rce as is the energy derived from petro- 
d with nuclear energy, it isn’t only 
ts during both generation and 
Wastes h might, like radioactive 
es, cause a good deal o y would have to 
f solar 


ed : 
isposed of in one way or 
i i tant in view of t 


waste industries. 
onding Member of the 


Oviet Academy of Sciences, wh nvolved in the use of 
used “ olar furnaces should preferably be 
to produce ultrapure metals and alloys, and the rare-earth 
lanthanum which can be derived 

2000°C provided 


Metals scandium, yttrium an 
temperature of over 

mit any pollutants”. 
is being built in the 


n 
Um. Uzbekistan, Turkmenia 
i Soviet Union. Pilot furnace 
and on steel, and high-tempera 
molybdenum. 
9 hat the designers are mostly after is. 
Solar furnaces, and the crucial factor in thi 


is to increase the capacity 
e matter is the size 
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trating reflector. However, the temperature in a 
ee ee depend on the size of the reflector: it 
solely decided by the accuracy with which the incident sun ae 
are concentrated, or focused. Theoretically, it would be po a 
to obtain at the focus of a melting unit a temperature of abo z 
six thousand degrees Centigrade—as high as at the Sun’s rte 4 
For this to happen, two things are important. Firstly, none of so 
energy should be lost through absorption in the Earth's s 
sphere. Secondly, sunlight should be ideally concentrated in 1 
heliothermal plant. Since neither of the two requirements 1S s 
tisfied, the actual temperature at the hottest point of a so be 
furnace is usually not over four thousand degrees Centigrade, bu 
this is quite enough to tackle any task in metal-making. i 

Solar metallurgy has left its embryo stage. This is borne w 
by the following fact: the designs cited best by the jury at p 
1983 competition organized by the USSR Union of Architects on 
cluded a heliothermal complex for use in metallurgy. At thi 


writing, the project is under Construction: the site for the huir 
Complex has been chosen in the foothills of the Tian-Shan Mou 
tains, no 


t far from Tashkent, where the Sun shines more pn 
three hundred days a year. As the project's authors envisage, lic 
Square in front of the building will be decorated with a symbo 


sculptural group: Helios, the powerful god of the Sun, will x 
Vs holding the reigns of a team of four horses pulling his fie 
chariot. 


While the sunbeam is only a novice in metal-making, the elec 
iron beam can justly pose as an experienced metallurgist. . ly 
Back in the past century scientists found that a sufficient 3 
large potential difference between the surface of a solid and ze 
external positive electrode would cause a stream of electrons - 
flow. By collecting them into a beam and speeding it up with 


Hg :; e 
strong electric field, it is Possible to build a powerful energy soure 
called the electron gun. 


We run into the electron bea 


the screen. However, the elec 
tron beam in a TV set is not powerful enough. The beam produce 
ns or even hundreds of thousan 
t can melt the most refractory ER 
rdment can be used to advantas' 
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Portant of his resi h 
di : earches were those concerned with electri 
ee in rarefied gases. In 1879 he demonstrated an ere 
e cm the platinum anode of a cathode-ray tube was raised 
wid par and then melted as a result of bombardment in 
ode nu electrons or, as Crookes himself believed, with 'cath- 
deeds 1907, Marcello von Pirani, an American, used an electron 
ely on vacum to produce uniform ingots of tantalum, an extre- 
me, T ractory metal—it melts at around 3000°C. It was clear 
ne electron beam had a wealth of advantages to offer to 


men tutgy. 
S id advantages are one.thing and their 
id something different. Before electron 
electro à reality, one had to devise facilities which would produce 
Clim, n beams, guide them, and provide a sufficiently high va- 
. All this came after World War II, that is, just several 


ec $ A 
ecades ago. Since then, electron-beam melting has taken a 
crude ingots can be re- 


i 
moet among the processes by which r 
steels t more accurately, refined so as to yield extremely pure 
technol. loys and metals. Such materials are indispensable in space 
indust ogy, nuclear power, chemical processing, and many other 
metal ries. Conventional metal-making units. cannot produce a 
one entirely free from objectionable impurities. But this can be 
when a crude metal is left at the mercy of the electron beam. 


hat is electron-beam refining like? A stream of electrons gene- 

ns is brought upon an ingot of 
ns strike the ingot, 
the metal is heated 
h temperature and 
eam furnace. It is 


ake short work of all gases and impu- 
ing from this 


Pur f molten metal. 
Batory, the refined metal is collected in a bath of pure metal. 
oled mould, the metal can ei 


is it solidifies in a water-co oul 
pet or take the shape of a finished product. 
nit lectron-beam refining brings do hydrogen and 
nogen content of the me en to a few 
the dredths of their percentage in the 
tape ores is superior to any other r 
ine from an electron- 
the S amount of gases; it has a maximu 
est possible combination of 
Ple lectron-beam refining offers som 
rang the process variables can conv! 
tic 5 êt will and, still more impor 
Cally any form of charge: electrodes, scrap, 


use on a commercial 
-beam melting could 


tant, the process 
chips, just name 


9—095 
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. On top of that, the process can produce large ingots tip- 
um As este at tens of tons—they are the right thing in the 
manufacture of rotors for heavy-duty steam turbines. 3 

It may be noted that specialists don’t see anything that might 
stand in the way of increasing the size and output of electron- 
beam furnaces. Indeed, the greater the furnace, the easier it is to 
focus the electron beam, and this has a wholesome effect on the 
run of the process. Mention should also be made of the fact that 
the electron-beam furnace can readily be used as the key link in 
the chain of a continuous metal-making process. 3 

The field of application for the electron beam in metallurgy iS 
expanding all the time. An incomplete list of the jobs it can do 
includes critical castings, extremely thin molecular films, the 
growth of single crystals from refractory metals, and zone refin- 
ing. For all the bright records to date, the electron beam is yet 
to play its best part in metallurgy in the future, it appears. 

Sun light has been illuminating the Earth for millenia—since 
the time our planet was born. Man came to know the electron 
beam only recently—in the past century. Yet, both may be looked 
upon as ‘venerable elders’ compared with the still young laser 
beam which flashed up brightly on the scientific horizon just a 
quarter of a century ago. 

What is the laser? The name of the thing is an acronym—4 
word formed from the initial letters of a phrase: Light Amplifi- 
cation by Stimulated Emission of Radiation. The device emits 
light in the visible, infrared, or ultraviolet region of the spectrum 
in the form of a narrow and highly dense beam. It can be ‘sti- 
mulated’, or pumped, to emit its light with radiant, electric, 
chemical or some other forms of energy. i 

Is there a yardstick against which to compare the laser beam? 


Picture to yourself that some mighty creature has been able tO 
channel the huge stream of water 


Niagara Falls to pass in the same ti i 
í cond, 
through a water faucet. Ej Ek eae ek 
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Now their dream has almost come 


once dreamt of a ‘killer beam’. 
d, the laser is about to be- 


e in the shape of the laser. Indee 
Th a mighty weapon. 
inp Me has a focusing system which comp! 
milli ely fine stream measuring à split millimetre or even a few 
ionths of a millimetre across. This concentration of the beam 


Very powerful by itself produces an unbelievably high energy 
e twentieth power per 


ee of up to ten watts raised to th ¢ 
* e centimetre. How large is this number? If we were to obtain 
to te energy density from the Sun, all of its rays would have 

h focused within an area the size of a circus arena. , 
ia ot the laser beam is doing well a good many metallurgical 
the the casehardening of steel, the routing of sheet metal, and 
ti urface impregnation. of critical parts with alloying additions. 
S worth while to dwell in more detail on alloying—an impor" 


t 

ant metallurgical operation. 

a critical parts needs alloy steels—stee!s. ae eee 

ot Sive and scarce metals tungsten, Co alt, nic e a E 

iini. as alloying additions. In many machine pa yov 

Ousl bulk of the load is only resisted by the surface layer. p 
Y, it would be enough to alloy it and to make the core o£ à 


"x of an ordinary steel. f d mechanical 
engi ith the things as they stand in metal-making an indeed 
a Elneering today, the whole of a part is made of ant A i 
the Say, a high-alloy steel. This means that 2 goo a e 
in p Pensive metal is wasted. Add to this the metal Io Ash es 
the chining or as gates and flash in casting, as d yor value to its 
s st of the part includes 2 ond ro machine a part made of 


mpresses its beam to an 


teels containing the 


an al] 
oy than of an ordinary steel. 3 The answer 
wastes! x 
of these " is used in à 


-ouldn't the laser help us cut all i 
the valve 3 carried by ils 
s and strains 


far 
} is just pa "hat alloying can ae 
ìave the needed hardness and strength. per ys end and its 
a found that the valve can be cast of an bi Jf the laser beam. 
a can then be surface-alloyed wi SK required amount 
OW does the laser beam tackle the task? i the surface of the 
Ba Powdered alloying additions iS applie spot the beam strikes 
is "., and the laser beam iS trained on it. ThesP owder melts, 
and ded to a very high temperature at K: e surface layer of the 
Pa its ingredients find their way into Hl s the required area 
Very Guided automatically, t1 peace llb 
quic ; ove all because 
aser zem is highly beneficial economically ab 


e ChEine. In this part t 
— it has to stand UP 


Qe 
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it saves expensive materials. But this process has more advan- 
tages to offer. For example, the alloyed layer has an excellent 
microstructure, and this goes a long way towards improving the 
properties of the metal. Also, the way that the alloying additions 
are distributed across the part’s depth can readily be controlled 
by varying the power packed in the beam and the speed at which 
it traverses the part. 

It is a sure bet that laser furnaces similar to their electron- 
beam counterparts will appear before long. At any rate, there are 
no‘ technical obstacles for this to happen, and it may be hoped 
that the laser will be doing its bit in the manufacture of ‘high- 
technology’ materials in the near future. As scientists believe, 
special promise is held by the union of the laser beam and the 


plasma, another powerful carrier of energy. We will discuss 
it in the pages that follow. 


The Hot Embrace of the Plasma 


The Special Status — Everything in the World Is Relative — Down the High- 
way — Nothing of the Sort— The Plasma ‘Steam Bath'— In the Arc Plasma 


Generator — ‘Personae Non Grata' — The Thrifty "Hostess' — By Joint Effort — 
What Happens in the Reactor — A New o of Life for Metals — Quick 
and Good — Twenty Years After 


The plasma is often called the f. 
The point is that the other t 
ous — have been known to ma 
plasma (this is the state in whic! 


ourth state of matter. Why s0? 
hree — solid, liquid, and gase- 
h from time immemorial. T 
i most of the Universe’s matte 
exists — the stars, the nebulae, and interstellar matter) was dis- 
covered only recently: the word ‘plasma’ was coined by physicists 
in the 1920s, after the original definition by I. Langmuir. Well: 
last sonna PE a ranked’, so the plasma has to make dO 
with its fourth place among the s i tter 
known to science. x tates of aggregation of ma 
What is the plasma like? 

When strongly heated, any materi y 2 C 

z , t -- AB 
truth is dj to us from school, abe bg aren 
vapour thus formed is heated more? T our 
or gas, break up into the con: he molecules of the vapori 
one or several electrons—in d 
are other ways and means of ionizin to 
x 2 8 a gas: th h exposure + 
a strong electromagnetic radiation, an pide equa "s electric 
discharge in a rarefied gas, its bombardment with charged pat 

ticles, and so on. In an io i 


nized gas, negative electrons coexist 


The Hot Embrace of the Plasma 133 


with positive ions. i i 
such p - i5 d debe are present in equal numbers, 
the plasma markedly differs in properties from a neutr 
osea it is viewed as a separate state of tt. 3 eH 
GAA it is highly responsive to the action of electric and 
OA s ields which are rather indifferent to an unionized gas. 
a es oa plasma is heated to a very high temperature, so high, 
PE at physicists would call it ‘cold’ if it is heated to tens 
ousands of degrees Centigrade. A plasma will be ranked 


as ‘ , oe oi 
hot' only if its temperature runs into millions of degrees. 
mperature plasma on which 


ms physicists deal with the high-te 
ie ng ce are pinned by those who have to do with controlled 
Metallur usion—a powerful source of energy yet to be harnessed. 
gists are interested in the low-temperature plasma 
tal-maker's 


on High-rate processes ar 
iur way to raise the rate o 
sun are; The electric ar 
Pede far more heat could be o 1 
tein ce or the converter. It seemed that, if necessary, the 
M vi could be raised still more by simply adding more 
nothin’ to the current and, hence, more watts to the arc. But 
ing of the sort actually happened: the arc would just 
the t tip to the side of the electrodes, and 
emperature in the furnace would refuse to go up. 

put k to keep the are in check—they 
a collar around it, and the arc was restrained from spreading 
nits this collar was in the form 


f a process is to con 
akers well for years: 


btained than in the open-hearth 


Sig The temperature jumpe t 
LIN But this was no limit to the already high temperature: 
Ma. long it was raised to fifty, thousand degrees. 
em e, it was found that a highly ionized gas, 
erging from the funnel. S 
it he metal-making skills of the plasma were noticed at once: 
th didn't only cope wi st refractory metals by turning 
em in a melt in literally nO time; it provided an ideally sterile 
atmosphere in which the metal didn't pick up either carbon or 
Oxygen. When it left the ‘plasma bath’, the metal was ideal- 
y clean, carrying nO impurities whatsoever. The plasma had 
Very reason to claim & critical post in metallurgy. 
l ut it wasn’t until the Jate 1950s and the early 1960s that the 
Pasma left the laboratory to take up a job at metal-making 
orks. It happened after a reliable device had been developed to 
Produce the plasma and to keep it tame, known as the plasma 
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Soviet Union, Japan, the United States, 

Pr Leg oen and some other countries to set out 
ildi sma metallurgy. ; 

cro ee the plasma generator are many and re ie one 
the arc plasma generator most commonly used at ae ati 
plants the water funnel collaring the plasma stream sent a 
replaced by a gas nozzle—a bottle-shaped copper anode enclos £ 
a cylindrical cathode made of a tungsten alloy. When power : 
turned on, an arc strikes between anode and cathode. If “eed 
stream of some gas, such as argon, is directed into the arc, the d 
will be ionized. The ‘bottleneck’ compresses the arc and raises t : 
current density there, and.this sets the temperature of the ta 
rising along with its ionization —emerging Írom the nozzle i 


ger to fold the metal in its hot embrace. 
Among the many jobs that metallurgi 


furnace. 

A happy trait about the 
additions tungsten, moly 
ganese, all of the 
operation through burning—every gram of the addition passes 
from the charge in: ini 

Again, in contra 
thrifty about its heat: 


plasma are 


Process is that the alloying 
bdenum, 


chromium, nickel or man- 


The Hot Embrace of the Plasma 135 


engineers who had accumulated a wealth of practical experience 
in the field was put in operation in Freithal, East Germany. The 
joint effort was carried on, and a 30-ton plasma arc furnace went 
to work at the same plant three years later. The range of high- 
quality steels the unit can make includes over a hundred grades 
for critical applications. 

Apart from smelting a metal from an ordinary charge, plasma 
arc furnaces can refine metals and alloys. The objective of refining 
special-grade steels, precision and high-temperature alloys, and 
refractory metals and compounds is to improve their structure, 
to enhance their quality, and to add whatever elements they may 
need. Several designs of the plasma-arc refining furnace using 
a water-cooled mould have been developed at the Paton Institute 
of Electric Welding and the Baikov Institute of Metallurgy, 
USSR. 

High-frequency plasma furnaces have been developed to grow 
single crystals and to produce ultra-purified materials. Instead 
of an arc plasma generator, the key piece here is an induction 
plasma generator: the plasma is produced through ionization 
with a high-frequency discharge and is heated by eddy currents. 
'The plasma thus generated is a good deal purer that the one from 
an arc plasma unit. 

The low-temperature plasma attracts metallurgists not just 
because it is a unique source of heat, but also because it is a readily 
adjustable chemical medium offering a solution to many metal- 
lurgical problems. Of unquestionable interest is one more direction 
in plasma metallurgy—the processing of ore materials (oxides, 
sulphides, and the like) through thermal dissociation in a plasma. 
When a charge of powdered ore is placed in the plasma jet inside 
asma reactor (as the piece of plant intended for the purpose 
is called), it vaporizes and turns into a gaseous mixture of atoms 
of the elements making up/the charge. Now it remains only to 
enlist the services of various chemical agents (such as carbon, 
hydrogen and so on, depending on the composition of the ore), 
elevated temperature and magnetic fields in order to separate 
the ‘right’ atoms from the impurities, and to combine them into 
a al. 

Ge dies wall has already been able to extract from an 
ore the metal titanium for which the traditional metallurgical 
Process involves quite a number of sophisticated operations. The 
plasma simplifies the task a lot as it readily breaks the union of 
titanium and oxygen. To do this, a jet of plasma generated from 
argon or some other suitable gas is brought upon a powdered charge 
of titanium oxide and magnesium. Acted upon by the plasma, the 

bsequent events take place in the 


charge vaporizes, and the su plac 
vapour Nue In no time, the magnesium robs the titanium of its 


a pl 
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i i cide. Left alone, 
d forms a highly stable magnesium oxi ve 
te oen titanium accumulates on the bottom of the reac 
s into an ingot. ] = 
CI chosen process variables, the plasma Podium 
produce not only pure metals from ores, but also refractory a 


s : 4 f nd 
and compounds, such as the carbides of zirconium, hafnium, a 
tantalum. 


; a 
Of course, before ores can be processed with the plasma on 


mber of obstacles— scientific, v 
l have to be cleared. Research pa 

under way in many countries, i 
cluding the Soviet Union. 


may be put toa better use rion 
left lying in a spoil heap. Processed in the reactor of a plasm 
unit, the waste is again turned to a metal 
The plasma is sure to make 


istics of the 


y varying the electric character- 
plasma, the flow of t 
the feed of 


he plasma-generating gas, an 
materials 


ed a few things about what the plasm? 
can do in metal-making, let's j 


rgical plant of 


gh percentage of 

the valuable m A 
d pipeline conveys the oceanic ore from the wates 
the charge bins of a plasma reactor shop. Here: 
the nodules are converted to j 
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. The large 100-ton plasma arc furnaces in the next shop convert 
iron ingots and scrap to high-quality steel waited for at a nearby 
ship-building yard, a major steel user. 

There is a plasma arc refining shop where ultra-pure metals 
of an especially high quality are produced, while a plasma spray 
unit turns out a wide range of powders from the iron and non- 
ferrous metals dredged from the ocean’s floor and mined in Yaku- 
tia, Chukotka, and the Maritime Province. 

Giant aerocarriages, jet-propelled dirigibles, magnetic-cushion 
trains, and sail-and-nuclear ingot carriers operated on schedule 
move the products of the plant we have built in our mind to 
many cities in the region, including the communities not yet 


existing on any map. : 
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Science Fiction Lags Behind Life — The ‘Volcano’ in Action — Straightening the 

Relations — You Must Spoil Before You Spin— Swan, Shrimp and Pike — 

Where Is Your Firewood from? — Near the Sea of Tranquility — The Mystery 

of Lunar Iron — As if Nothing Has Happened — The Key to the Problem — 

From the Catapult info the ‘Dead Zone' — What's New on Mars? — The 
Captured Asteroid 


when a science-fiction writer invents some- 
at exists in reality, be it science or tech- 
t by Jules Verne and his remarkable novels 


1 ‘Twenty Thousand Leagues under the 
well before all this is 


It is not surprising 
thing far ahead of wh 
nology. This is borne ou 


in. which his heroes trave 1 
Sea’ and fly ‘From Earth to the Moon 


oe happens that science fiction lags behind life. 
This is what G. Grechko, a Soviet cosmonaut, has lg oF oo, thio 
subject: “Speaking of science fiction, I should note mai A alls 
Short sometimes of what space specialists would like Y^ ind in it. 
We are all close readers of Science fiction. Not just rape We 
Want to compare our own experiences and knowledge wi : ree 
flight of imagination, but in an attempt to come upon nu i p 
But this is where the otherwise daring uie om writers ag 
behind the real accomplishments of engineers. : or ezamp le, 
unusual alloys have been produced in space, r^ I et 2 
Science-fiction books we have read carry a faint hint, 


description, of such processes”. e said that a few hints 


isti it should b hi 
For justice's sake, Hong. i d pe ks, but in the writings 
T URE, m 


Eo PE 
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realist. As one of the characters in his science-fiction novel, 
"Outside Earth", says: "Here (in outer space) we have a lavish 
opportunity to do whatever we like in the field of metallurgy". 

Tsiolkovsky predicted that weightlessness could give vent to 
the physical effects that cannot manifest themselves on the Earth. 
In 1895, Tsiolkovsky published his “Dreams of Earth and the 
Sky and the Effects of Gravity" which saw the light of day in 
Moscow. One chapter bore the title: “A Description of Some 
Events Occurring in Zero Gravity". But outer space is not just 
zero gravity, or weightlessness. lt also offers high vacuum and 
chemical sterility. Their happy union (unattainable on the 


Earth) can't but interest the Scientists concerned with space 
exploration. 


The first material processin 


» the technologists faced a host of pro- 
blems. Nobody knew if the usual [m Sources could ver 
in space. It was unclear metal would melt, spread 
à ey could only guess how the molten 
metal would behave in an environment devoid of gravity, but 
: s other relatively weak factors, such 
as surface tension, adhesion, cohesion, and weak electromagnetic 
fields. Only an experiment co nswer all of those questions. 

After high vacuum was built in the orbital module of 
Volcano welding unit, thus 
turing. On the later missions, 


in zero gravity. As Leonov said, “ 
gravity and vacuum can be used to 
and semiconductors. As Sov 


an US orbital station, had been able to grow single crystals of 
indium antimonide—the purest and str, pada. 
artificially. 
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The scientific 
| program of the Soyuz-A tasion i 
them ae experiment. Tho peint is that i included one 
dU uter muita a vb abe 
r ensity: both durin lti ptals marked Ly 
teen component would tend eg re the 
Pat er component would tend to float up to ee ana the 
enin gis result would be a segregated alloy wid ox rac 
Saite pes used for any practical purpose. The situati p onlan t 
heavier ae Ji Hee space. Zero gravity would ornate s 
he lighter com iro: ui 
f d tei ponents, and tl i : 
ge i E pace igo and in structure. LA o ha 
ity named the ‘Universal F ti aes 
alloy of light and relati ürmacns T wai to. miak 
ativel = i ini San 
r extremely refractory EN alimini and. AVA 
E. emus tò straighten the relations between materials 
of Sk = on the Earth had been made in space earlier by the crew 
lead y ab, USA. They tried to alloy together gold and germanium; 
; zinc and antimony; ead, tin and indium. According fe 
the alloys were quite uniform. The same 
experiments on the Earth, but the 
eir space counterparts. For one 
lloy produced on board Skylab 


reshold of superconductivity- The gold-germanium 
was capable of superconductivity, but its 


‘Sfera’, was made by Soviet cos- 
d V. Zholobov on board Salyut-5, an 
they 76. Using a purpose-designed instrument, 
watched the solidification of liquid metal in zero gravity. 

d devised the experiment believed, zero 

he formation of ideal metallic spheres out 
ig’ i iment was Wood's metal 


f lead, 12.5 parts of 


Pears’, ‘onions’ and other similar shapes, but no 
] be followed up. If they 


he experiments wil 


ke a blank for a 
n different operations, 


out over a doze f 
the process. Again, the structure of 
ed. Because of this, 


to be desir 
nts along the Sfera lines will 
a ball-casting factory will 


petallurgists: in order 
rial you have to carry Oul 
th ing a lot of metal as waste 1n 

€ balls thus made leaves much 


we wi A 
we wish to believe that experime: 
a success. Then, 


a the long run prove 

© into operation in orbit around the Earth. 

] More manufacturing experiments Were made by Soviet cos- 
Monauts on board Salyut-6 and Salyut-7. Using the ‘Splav’, 
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‘Kristall’ and ‘Isparitel’ facilities, they produced quite a number 
of alloys and semiconductor materials of importance to science. 
Of special interest was the growing of a ternary cadmium-mercury- 
tellurium (or CMT) single crystal in weightlessness. 

A CMT crystal is a solid solution of cadmium and mercury 
tellurides. This semiconductor material is indispensable in infra- 
red imaging devices used in medicine, geology, astronomy, radio 
engineering and many other important divisions of science and 
technology. The material can hardly be obtained on the Earth 
because its components behave in much the same ways as Swan, 
Shrimp and Pike in a fable by Ivan Krylov: instead of a uniform 
alloy, they produce a sandwich. In order to obtain a tiny CMT 
chip, one has to grow a large crystal and to cut out of it an ex- 
tremely thin wafer—the rest has to be discarded. But it can't 


be otherwise: the CMT chip must be pure and uniform to a few 
hundred-millionths of a 


percent. It is no surprise that these chips 
carry a high price on the world market. 

This explains wh 
rials manufacturin 
them, the constit 


` astronauts have shown what bright 
prospects are opening before the manufacture of various metals 
and alloys in space. 
However, the use of the unique conditions existing in outer 
space for manufacturing purpose: 
other is— i 


OL ead of going to the woods sm 
t ourse, every ton of iron, zirconi 

or tungsten ore mined on, say, the Maan ana hauled to the Eart 
would cost a lot of money—that has to be admitted frankly. But 
the first ton of iron ore produced i 
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the millionth 
| ton costs far less. This trend 
ih r : 1 rend would also hold f 
S OMA mined in space. Again, who says that the ore mined on the 
must be carried to the Earth? Wouldn't it be possible to 


ios metals right there? 

oe in 1963, E. Iodko, a Sovi 

is odox process for extracting lunar 

tion smelting on the Moon should be rep. 

ee direct conversion of a solid to 
ugh a shaft packed with lumps of a carbonizing material, 


the i 2 
iron vapour would turn into a mixture of iron, carbon and 
te. In a condenser, the 


ca A $ 

anam monoxide—all in the gaseous sta 

end] and carbon would come in contact with the cold surface of an 
ess conveyer, turn into a solid state, and lodge on the con- 


ve É 
veyer while the carbon monoxide would escape to the lunar 
iust the carbon content 


Pps en It would be possible to adj c 
tem and to produce various grades of steel by varying the 
Perature in the shaft. 

mel te project’s originator wrote “Manufactured in the extre- 

* bo rtd igh vacuum that exists on the Moon and the other cosmic 
Phi, the steels and alloys would be truly ‘unearthly’ in their 
ao ductility and other properties, entirely free from océluded 
are and nonmetallic inclusions. ^n eed, the conditions that 
densa favourable for metal-making exist on the Earth with its 
ay e and oxygen-saturated atmosphere, and not on the Moon. 
ae of any atmosphere, the Moon an the other heavenly 
hi es wouldn't just meet astronauts’ needs for ordinary an 
gh-quality metals; they would supply the Earth and the other 


Planets with metal products”. ! 

n entirely different idea lies at the basis 1 
from lunar rock, developed by American 
ild concentrate sun light to 


be e , 
- metal would be 


e ener ; 
gy of solar batt It has been calculated that this 
any with solar 


football field, though) 


et scientist, came up with an 
iron. According to him, 
laced with iron sublima- 
its vapour. On passing 


of a pilot unit for 


iu unit the size o 
S covering an area equa 


E 
vould be able to produce about n of 
ing scienti 


Pst isn’t alone in pori i pan of i 
evelopment of outer SP nother 

titani ol o h 1] before the US Apollo 
um. It had been predicted a d atrial back to the 


Space i 
Craft and the SE dk that the lunar ground should 
m oxide. What was 


arth s f lunar 
contain am ples of lu ena titaniu 
a fairly large Dogg been verified by experiment. 

urn of this century 


a 

WiYPothesis yesterday 

dog knows? It may 50 
Spapers will carry repo" 


a 
happen that a 1 
ts that the Moon s 
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has gone into operation somewhere near the Sea of Tranquility 
of Storms. 
ot ro ford are a rare occurrence on the Moon as they are on 
the Earth. Nevertheless, tiny specks of pure iron, rend 
nickel, and zinc have been onid there. On the Earth, they c 
in native state at all. r 

Pe aa 1970 Luna-16, a Soviet automatic lunar probe, Neon 
back to the Earth samples of regolite, the Moon's topsoil, ma id 
of the Soviet Academy's institutes set out to analyse the ede 
specks of the lunar material as carefully as they could. Be te 
long regolite proved it was worth while studying. Much to a 
scientists’ surprise, the samples included tiny particles of pu É 
iron entirely free from the minutest traces of oxidation. It Mine 
a great surprise, indeed, for on the Earth iron rusts everywhere : 
the dismay of mechanical engineers and builders. But the p 
surprising thing was that the lunar iron wasn't in a hurry to "à 
oxidized on the Earth, either. Days, weeks, and months passed, 
but the iron brought from outer space retained its juvenile purity. 

Several years have passed since then, but rust has failed S 
attack the mysterious iron. Nor has oxygen been able to artiy 
the iron specimens collected on the Moon by Luna-20, Luna-2 , 
and the Apollo spacecraft. Why is it that lunar iron is so resistant 
towards corrosion? 

Hundreds of pains-taking experiments were made before the 


question could be answered. Laboratories were set up on the 
Earth in which the condit. 


ions were close to those existing on the 
Moon, and sophisticated instruments ‘probed’ the specks from 
outer space. The experimentors were greatly helped by ro 
electron spectroscopy, a new analytical tool. With it, detailec 
information can be gleaned about the interaction of atoms in the 
surface layer of a mati 


erial just a few hundredths or even thou- 
sandths of a micron thick. 


The mystery of lunar iron ha 
extremely high corrosion resi 
of the steels and alloys manu 
wind—the supersonic flow of 


s now been unravelled: it owes e^ 
Stance which is many times tha 
factured on the Earth to the solar 
gas composed of protons and electron? 
which is continuously blowing from the Sun through the solar 
system. As they bombard the Moon unprotected by any atmo- 
sphere, protons 'snatch' oxygen off the lunar surface and carry 
it into the expanse of the Universe. Rid of its oxygen, the iro? 
becomes so highly ‘immune’ that no oxidation can occur either 
on the Moon or on the Earth where it firmly beats off all attacks 
of corrosion. 
The unravelled mystery of lunar iron has let physicists and 
metallurgists use the discovery in their ‘vested’ interests. Th? 
idea is to bombard metal Parts with ions so that an armour ° 
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extre ; , 
to ee particles is produced on the surface, resistant 
ratory: the : "E interesting experiment was made in one labo- 
inscription vord ‘Moon’ was written ona stainless steel disc, the 
then pla was bombarded with a beam of ions, and the disc was 
ced in the vapour of aqua regia—a mixture of three parts 
c acid. So what happened? 


d A : 

Ydrochloric acid and one part nitri 

e disc was covered with a coat of 
ff metallic 


quarter of an hour later, th 
d ‘Moon’ which gave 0 


ru 
wat E erywhere except the wor 
n Ss if nothing had happened. i 
Space as "n some time now that man has been regarding outer 
or hy is future home. Numerous plans have been advanced 
on TEER orbital stations, and many space cities have been built 
of Btace Ch of science-fiction books. Indeed, there is even 2 theory 
Note the colonies, advanced by Tsiolkovsky. It 1s interesting to 
or eis he proposed to use the materials of planets and asteroids 
Simi] colonies. This view is shared by the originators of many 
yd projects. 7 
ohne nung idea has been advanced by 8 team American 
Co Ki headed by Professor O'Neal. As be m inse 
techniq might well be built with existing technology: bene 
ANA that may appear lie within the limits pf ved s 
and ud In their opinion, extra-terrestrial space po gy. 
is aby stance-rich medium rather than an emptiness. c ucc 
thea ndant in solar energy: which is easy t0 USE. 
DO. belt could supply the pem num 8. 
"Neal has compiled a detailed 5? ance sheet OF i 
corde, complete vith a bill of materials indicating where the 
nists would be able to get whateve 


Wha 

t quantities. Even water would n 
0. " 

he trar uld be obtained on 


Inst 
and tie liquid hydrogen WOU 
the y A oxygen required to PF us : 
on. The k building ma erials, à ; 
sodium could te pro ar there too. He even envie om the 
Moog lo carry ore and catapults to send a ist thinks, 
halts metal-making plants that should, here 
the i in the “dead zones" between A i ad of the Bact i 
ter’s pull of gravity is balancer ot he Moon figures in 
wl ^" outer Space and the 


Cause E Soh in 

0 of its proximity h 

extra Plans for the mining of minerals 1n outer P 

dope of metals fro them. In contrast 19 science 

Write, Vell famo T A 

agin eg E War of the orlds aie dp de th 

is "apmachine, working from sunset to more inium ae 
e 

from Eas make at least a hundr t 

Some futurologists think it would be wor 


while using the 
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minor planets, or asteroids, which consist largely of iron and 
nickel. Many thousands of them are revolving around the Sun, 
mainly between the orbits of Mars and Jupiter. Sometimes they 
come quite closely to the Earth. As s 
asteroid could be towed b 
Earth and then worked for its iron and nickel. 

There is a plan by wh 
asteroid in order to smel 


en't they? But was it long ago that 


i were su : i the 
Moon was just another daring mr EST 


At the Threshold of the Third Millenium 


The J i i 

Hed 4—— vee Milky Way — Where |; the Silhouette? — The Sparkling 
i ast of South America — In Partnership with the Nuclea; 
Asleep — From Vesuvius’ Lava — | vos Are There — The Volcanos ito 
the Reactor — At the Bottom of the Re d CLA Recipe? — Magma Fi 2 


Almost proverbial] t i 
has tried many things. Om dream is human, In his dreams ma” 


f Mae feat to sec 
what the future has in Store for SUE, Roar ME LAM E an 
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sketch, perhaps a bit timidly, what metallurgy will be like in 
What can we see? 


the third millenium. Let’s take it in at a glance. T 
inet skyline of iron-and-steel plants no longer shows the sil- 
stoy es of blast furnaces, and the blunt-nosed cigars of hot-blast 
tan he loyal ‘air-bearers’ are nowhere to be seen. They served 
toe aithfully for centuries, but now the day has arrived for them 
no ome off the stage, giving way to their ‘no-coke’ successors— 

its for the direct reduction of iron ore. The bristle of the tall 


Stacks of open-hearth furnaces has been shaved off the skyline 
of the open-hearth 


furi ith a giant razor blade: good memory of the oper now 
omi € is still kept in museums, but the steel-ma ing ar 
inated by the converter and the electric furnace. T 
not Short, distance away we can l structure looking 
de, ike a giant sail. The Sun has emerged y perd 
tlen S, and the sail is sparkling like a huge dam eee e ated 
un mae on peer bip whioh sends aoe 
onto the melting zone of a sola i 
to ded over a huge pond connected by an undergrovd oona 
extr: e sea is a dense cobweb of pipes— hundreds pk n ed 
fro oct gold, uranium, molybdenum and other 


rom E water. Neri 
i we can see can't give a comple e A A 
an the 21st century: many plants, shops and mines wil. mines 
on ating in outer space, under the ground, an [^ MU character 
in acxample, Dar Veter ("the Gift of ind )a y od A. Yefre- 
mo © Andromeda Nebula, a science-fiction nove ’ a underwater 
tit, 3 Soviet scientist and author, is working ^59. js what he 
Se anium mine off the coast of South America. iy the ocean 
“td When he comes there to work: “Jutting far one tower. 1t 
Se à man-made bank terminating in a ak t 
A ond at the edge of the shelf falling steeply haft strong enough 
to €pth of a kilometre. A heavy walled concrete $ Py down beneath 
th Stand up to the deep-water pressure ran vertica liy Qf an under- 
© tower, At the bottom the shaft entered the t0P 6. titanium 


ile 

Bround mountain which consisted of nearly pure Tue gone there, 

unde Everything necessary 10 work the AH e ingots of pure 

ti er the water and in the mountains. Only us of slime far 
tanium were lifted to the surface, leaving © ou 


around them” 
em”. 
thi penr power is bound to give metallurgy 5 or ties which 
y ings. Already now engineers are busy 100 athe energy-avi 
would unite the might of the nuclear jinnee an 
anufacture of metals. EDak arly steel output the 
By the start of the next millenium, yearly 5“ wo thousand 
World over will probably be one and a half or ‘0 he figure 
an tons this will be twice or even three time 


Vs 10—092 


ure of metallurgy 


ood many new 
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today. This will ee proportionate increase in energy con 
i metal-making. 

pp pes fen gas, the most commonly used energy cet 
today, won't be able to cope with the task. Nor has Natu S 5s 
to it that coal fields and gas deposits should always lie nt X 
iron ore. As often as not, train-loads of coal have to be s 
from miles and miles away or gas pipelines thousands o 1 i ss 
metres long have to be installed to carry the fuel to the ore s 
sits where iron works are usually built. Or train-loads of ore a 
hipped to coal-rich regions. XA 
d The picture is altogether different with the nuclear d 
reactor. For one thing, it can supply practically any quantity | 
energy for a plant or a group of major plants. For another, it may 
be built at any place meeting process and economic requiremen à 
This explains why metallurgists rely increasingly more often 0 
the nuclear reactor in their plans for the future. 

Of course, what makes the nucle 
is its principal product— 
nucleus. Yet 


metal making. Thi n 
the laser beam f heating might be used as We?’ 
though). The benefits are obvious— i Sir 
from scratch. ir 
This is a minimal program for nuclear metallurgy. In the? 
long-term plans, scientists and i 
electricity generated b 
à huge iron and steel Works. They are mostly attracted by 5 
pegas benefits they stand to rd such aa eii capital d 
ays for constructi d pr ivi duced cos 
steel, and so on. But tl i Magn do 


g 
of the nuclear-power metallurgy 
being taken seriously in ™ 


F ibilit i lear power 
metal-making. Several West y of using nuc 


: join 
; ; b uropean countries have JO! y, 
their efforts in the European Clu P a gy 


the 
ding 
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the field. In short, the time isn’t far off when cheap but excellent 
steel made with the aid of nuclear energy will hit the world 
market. 

What else may change in the manufacture of metals? In all 
probability, the electron beam will soon acquire new metal- 
making jobs, the laser beam will change its ‘amateur’ status to 
become a ‘pro’, and the plasma will move to the foreground. There 
is everything for metallurgists to hope that they will be able to 
find many metal-making uses for ultrasound, the electromagnetic 
field and the high-frequency current—each has been helpful in 
metal-making for a long time already. 

Of course, some other approaches, seemingly unorthodox but 
quite feasible nonetheless, will appear in the manufacture of 
metals, too. For example, we may well imagine the extraction 
of metals from volcanos. It is no mere chance that volcanos are 
sometimes looked upon as Nature’s metal-making plants: the 
chemical reactions that take place inside them aren’t unlike those 
occurring in blast furnaces, steel furnaces, copper smelteries, and 
so on. When he happens to see the white-hot stream of lava leaving 
a volcano, any metallurgist feels at home, I’m sure. 

The volcanic activity inside the Earth has been behind the 

] deposits. The accumulations of mer- 


formation of many minera 
cury, silver, gold, iron, copper, nickel, manganese and other 
valuable elements are now found at the scene of what once was 


a violent volcanic ‘life’. 

A team of scientists at the Far Eastern Division of the USSR 
Research Institute of Mineral Resources have compiled a paleo- 
volcanological map of the Soviet Far East. What is this unusual 


map like? 

‘About two thousand volcanos were active in the region many 
million years ago. Gradually, they went dead, some of them leav- 
ing behind no ‘mementos’ by which to remember them. Some have 
sunk flush with the surface, others have gone underground (one 

ed by the city of Khabarovsk now). 


such volcano is the site occupi 
The new map showing all of the extinct volcanos of the Soviet 


Far East is above all intended for geologists. It can be a reliable 
guide in their search for minerals, especially at the boundary 
between the land and the ocean where the belt of both active and 
extinct volcanos is located. 

Since we are more concerned with metals than with geology, 
let’s leave the remains of the prehistoric volcanos and turn to the 
fire-breathing lava of those still alive and ‘kicking’. From a me- 
tallurgist’s point of view, volcanic lava raised to an extremely 
high temperature is an admirable feedstock for the production 
of iron, aluminium, titanium, magnesium, calcium and many 
other metals, Just recall Italy which was, during World War II, 


10* 
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extracting her aluminium from Vesuvius’ cold lava for lack of 
other sources. 

Of course, the solid, cold lava is much safer to handle than the 
white-hot flow escaping from the infernal crater. But a question 
suggests itself: Isn’t it possible to tame this flow of the, ready- 
made furnace charge prepared and melted by the Earth itself? 
Not to let the lava solidify and to work it while it’s hot would save 
a huge amount of thermal energy. How should one go about it? 

Hardly any one would be able to give a recipe today, but the 
search for answers to some problems that might bear upon the 
future of volcanic metallurgy is under way. It is a quarter of 
a century now that the Institute of Volcanology set up in the 
Kamchatka Peninsula, a land of volcanos and geysers, has been 
handling the matters in earnest. It has no department of metal- 


lurgy, but research into the chemistry of the Earth's inside is in 
full swing there. 


; Volcanologists the world over are learning how to predict erup- 
tions with precision. When they are able to do this, man will be 
tire tas master of the dreadful element. ' 

n attempt to put a straight jacket on made in 
1983 when the violent Etna in Sicily X robe op dici for the 
umpteenth time. To save the villages, the tourists’ camps, the 
gardens, the vineyards, the forests and the crops on the slopes 
of and at the foot of the volcano, Italian volcanologists and shot- 
firers tried to steer the magma stream down an artifical bed dug 
by precisely calculated explosions. Not that they were able to 
achieve the goal they had Set, but what they did inspires the 
e of an eventual success, "a ec 

et’s be optimists and pi i is: 
The tamed lava is timidly Hein Gen selves a scene like this 
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indeed. Therefore, you needn’ 

; unlimite 1 n't ove 

your imagination 1n order to picture to yourself how the pur 
charged into the reactor can be converted into ingots of the neiaie 


it carries, and other useful products. 
When will the ic metal works go into oper- 


Earth’s first volcani 

ation? Where will this happen: at the foot of Fujiyama, in the 
Kuril Islands, or in Hawaii? Perhaps, the answers will be given 
But its predecessor is well able to cope with 
d to the ore-forming activity of vol- 


the surface in regions 
amounts of dissolved 
that Ebeko, a volcano 


istry, are unlimited, 


by the 21st century. 
another task also relate 


canos. 
The point is that the hot waters rising to 


is high volcanic activity carry sizeable 
metals. It has been calculated, for example, i i 
ike Paramushir, one of the Kuril Islands, ape Song ii 
rmal waters cl 700 tons of minera including thirty 
to aters close on ons 
val of aluminium and sixteen tons 0 iron. Off the Easter Island, 
h canic waters dumping iron compounds onto the eps bor 
I built up huge iron deposi , The area ES gerne 
Fg taken up by liquid iron ore mixed Wi Peace or Spain 
m Ae s ar is only slightly sma i, , 
ze. For the time being, all this wealth il 
ut even today it is technically feasible for man to transfer à 
ese ‘deposits’ to his acconnt. 
canism is also responsible for W ha 
oo scientists working in the Red Sea. Th ie deep, fille 
vin into a huge depression some tW , there in a deep 
er aee ur] TAS explorers Yie surfa pecause the steel 
D 


S H 
hu mersible, but had to come bac $ 
of the vessel was heated to more than vt oad 
à 


le water les the collected showec 
samples 1 md unusually high 


fi A r 
a with a hot liqui . 
; manganese and many metals. | (yg Red Sea, ai filled 
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It hasn’t yet been decided how to protect the Red Sea from 
pollution with ore-dressing wastes which are likely to run into 
hundreds of tons a day. In one environmental control scheme the 
wastes are to be dumped by a pipe to a depth of four hundred 


metres, that is, below the boundary of the biologically active zone 
in the Red Sea. 


Thus, we've visited several meta 
Moon, under the ground, at the b 


seabed. What else has the coming century in store for us? What 
metal-making tech 


nologies will highlight tl tall [ the 
21st century? MN E eee 


An interesting idea about the future of 
making was advanced in his day by Iv 
a book, reporte nom the 24st Cent 
man can ‘build’ the alloy steels he ma need by exposing 
them to radioactivity rather than by alloying en with rare 
and expensive elements—he can build up the steel of any desired 
analysis right in the ladle from atoms of iron, carbon and, maybe, 


1 works of the future on the 
ase of a volcano, and on the 


high-quality metal- 
an Bardin. In his paper for 
ury", he said: "I think that 


e changed it 


king Place for some days more in the already 
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technology, o 
a full-fledged industry even b metallurgy will hardly become 
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Different View-Points — At the Brussels World Exhibition — Alloys with 

Memory — Glassy Metals — Whiskers Come in Vogue—Why Are Compo- 

sites So Special? — Following the Computer's Recipe — Purity Leads to a 
Success — The Vigilant Rivals — Despite the ‘Pension’ Age 


From the view-point of historians and archaeologists, the Iron 
Age (as a phase in the primeval and early history of mankind) 
saw its last days somewhere around the beginning of the Christian 
era. But even today, twenty centuries later, iron remains the 
basis of material culture. Therefore, if we look at things from the 
view-point of builders or machine designers, the Iron Age is 
still having its hayday, and there is no end for it in the offing. 
Man hasn't yet come to know any other material that could com- 
pete with iron or, more accurately its alloy, steel, in strength, 
reliability, workability, availability, and low cost. 

Iron is everywhere to see: it is in high-rise buildings and beauti- 
ful bridges, in the swarms of cars scuttling on the planet's roads 
and the tall needles of TV towers piercing the sky, the dense cob- 
web of railways covering the face of the Earth and the uncountable 
numbers of metal-cutting tools, transformers, and pipelines. 
Nothing could have been built without iron. According to 
A. I. Tselikov, man has produced in this century ten times the 
amount of iron he made in all of the preceding centuries. Isn't 
this a proof that iron hasn't become obsolete? Rather, it keeps on 
gaining ever more ground in a wide range of man's activities. 
It is no mere chance that the World Exhibition held in Brussels 
in 1958 had as its symbol the Atomium, an unusual structure 
towering high above all the other buildings. Even today, its nine 
huge metallic spheres, each eighteen metres in diameter, appear 
to be hovering in the air: eight at the corners of a cube, and one 
at the centre. The Atomium is a model of iron's crystal lattice 
enlarged 165 thousand million times. It symbolises the greatness 
of iron, the workhorse of a metal, the master metal of industry. 

Yet, however important the role of iron may be nowadays, how- 
ever wide the range of products made of it is, technology today 
needs other materials as well. For the 20th century, unlike any 
of its predecessors, is a time of high speeds, high process tem- 
peratures, and tremendous structural loads. And this means that 
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irements to be met by the materials are becoming ever 
ica tir This explains why the last decades have seen 
the emergence of a host of new materials, both metals and non- 
metals, many of them possessing unbelievable properties. ; 
As an executive in Arthur Haily’s Wheels says in a talk with 
newsmen, new things will undoubtedly find their into everyday 
life, and the newest of them will all be bound with materials. AS 
an example, he mentions the honeycomb structure—stronger, 
more flexible, and lighter than steel. He also talks of a metal 
which will be able to remember its original shape. Should a car 
owner bend a wing or a door of his car, the damage can readily be 
rectified by giving the part a heat treatment. 
Two or three decades ago an idea like this would have been 
treated as a sheer fantasy. Today, metals with memory are well 


known to scientists and machine designers. What has happened 
in the meantime? 


In the mid-1960s, an allo 


y of 55 percent nickel and 45 percent 
titanium, named Nitinol, 


: was patented in the United States. 
Rather light, strong, and highly resistant to corrosion, the alloy 
ranked as a good material of construction—not more. As its ori- 


ginators kept on experimenting with the alloy, they ran into some- 
thing quite unusual—the metal was found to have memory. 
During one of the many 


l e y experiments, a Nitinol filament was coiled 
into a helix, worked in some way, heated to 150°C, and allowed 
to cool. Then a load was 


Among other things, 
of choice for rivets t ide 

: aces a ible from one Sl 
only. The metal is treated so that it a in the shape 9 
à complete rivet, one of the heads is 
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antenna can conveniently be stowed away in a small compartment 
al shool-off. In space, heated by sun light, the ball uncoils, and 
the antenna stretches out ils arms. The same principle can be 
used to build a radio telescope with an antenna over a kilometre 
in diameter. Some designers are even playing with the idea of 
a thermomechanical heart pump: it could use a Nitinol filament 
which would alternately contract and expand much as the heart 
muscle does. 

Nitinol isn’t alone. A wide range of binary (two-component) 
and ternary (three-component) alloys similar to Nitinol in behaviour 
have been developed to date, such as titanium-cobalt, titanium- 
iron, zirconium-rubidium, and copper-aluminium-nickel. 

As we know from school, all metals and most of the other solids 
have a crystalline structure in which the atoms or molecules are 
arranged in a regularly repeating pattern called the lattice. The 
silualion is entirely different with gases and liquids. One example 
is ordinary water. What is it like? A haphazard accumulation 
of H,O molecules. Once, however, water is cooled to below zero, 
ils freezing molecules take up positions in an orderly rather 
than random fashion and there appears a regular structure—the 
crystal lattice of ice. That is how a plain rain drop turns into a 
beautiful snow flake. This overhaul leads to a marked change 
nol only in the appearance, but in many physical and chemical 
properties of the substances as well. 

This doesn't mean that all solids are crystalline in structure. 
One example is glass: it remains amorphous both when solid and 
liquid. Isn't it possible to arrange things so that an amorphous 
metal melt will remain amorphous in the solid state? This would 
produce metallic 'glasses' or ‘glassy’ metals. This isn’t just an 
idle curiosity: metals with glassy properties can surely possess 
some unusual properties. How one should go about it? 

As a rule, it takes a fairly long span of time for a substance to 
crystallize from its molten or simply liquid state, so there is enough 
Lime for the atoms (or molecules) to form a highly ordered lattice. 
Nothing of the kind would happen if the melt or liquid is cooled 
faster than its atoms can crystallize. 

The people who were the first to experiment with metallic 
glasses turned to high vacuum and cryogenic (that is, extremely 
low) temperatures for assistance in raising the cooling rate to 
a million degrees per second. As many experiments have shown, 
if we apply the vapour of a metal onto a metal plate placed in 
a chamber where the conditions are as we've just described, a 
‘glassy’ ribbon will form on the plate at once. 

The first metal to go ‘glassy’ has been bismuth. [t has been found 
that the paper-thin ribbon of ‘glassy’ „bismuth is far more 
easily magnetized and far more electrically conductive than 


11—092 
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bismuth is in its normal state. Even at room Sen. SE 
resistance of a glassy bismuth ribbon to electric current is a frac 
tion of what it is in the crystalline state. » bob of os 

Today, the range of metallic glasses is fairly wide: it inc udes 
steel and quite a number of refractory metals. Nor is it necessary 
to resort to high vacuum and cryogenic temperatures any longer. 
Now liquid metals can be quenched against water-cooled, heat- 
conducting wheels spinning at a high speed to produce metallic 


glasses. The melt cools in a matter of a few thousandths of a 
second, and the continuous ribbon is w 


ound on a take-up spool. 
Metallic glasses today are a 


‘hot’ item in the field of high tech- 
nology. All kinds of experiments are being made with them all 


over the Earth. And not only on the Earth: in 1984 experiments 


involving the manufacture of metallic glasses were made in space 
during the stay of a Soviet-Indian visiting crew on board Salyut-7- 
The experiments used the Js 


paritel facility designed by the 
Paton Institute of Electric Welding, USSR, additionally fitted 
with a unit which enclosed the main ‘characters’ of the action: 
tiny balls of a silver-germanium alloy prepared by a metallurgical 
laboratory in the Indian city of Hyderabad. Inside the unit, 
the balls were supported by ingenious metal loops so that they 
couldn't touch the walls of the crucible in which they were to be 
melted by an electron beam. 

Since the Isparitel facility was located in an air-lock and 
exposed to space vacuum, the molten metal was bound to cool 
instantaneously and turn t Watch on the process tem- 
perature was kept by highly sensitive thermocouples which were 
able to registe ith a jeweler's precision. 

The specimens of the alloy, highly valuable to metal 
scientists, were carried back to the Earth foi an all-round scrutiny: 
As scientists believe, ze ity enables the glassy structure to 
the melt than would be the case 
An important venue as regards i 
for the future is the search for ve the ep 
proving their strength. T 
strong has been facing man Since he first took a metal tool or 
es in his yenga: Es Po Success was scored when single 
metais gave way to alloys. NV : i er 
becomes strong bronze, pe^ ill loved A nee conp 
turns into mighty steel. Anothe : i h, 
known sinte dioi ie ms T method of improving strengt 
or weapon. Much later, man le 
of metals by what is known as strain or work hardening which 
modifies the metal's Structure mechanically All of these methods 
have been greatly improved s : 


als of construction 
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are still being used. But they have proved inadequate in some 

applications. 

T When, in the middle of this century, space flight, the explora- 
. tion of the oceans and seas, and the harnessing of nuclear power 

had all become urgent problems, the need arose for better mate- 

rials, including those possessing superstrength. It was clear that 

fundamentally new ways and means of producing them should be 


looked for. 

Shortly before that, physicists had calculated the maximum 
altainable strength of materials: the figure was found to be by an 
order of magnitude greater than the one actually achieved. Was 
it possible to come nearer to the theoretical limit of strength and 


how? 
As often happens in science, the answer was found quite unex- 


pectedly. Back in World War II American scientists had recorded 
quite a number of failures of electronic equipment and submarine 
telephone cables. It didn't take them long to pin-point the 'cul- 
prits’: they were tiny crystals of tin or cadmium in the shape of 
needles or fibres (one or two microns in diameter) which would so- 
metimes grow on the surface of tin- or cadmium-plated steel parts. 

Before one could control the ‘growth’, or whiskers as they soon 
came to be called, one had to study them carefully. Laboratories 
in some countries set out growing whiskers from hundreds of 
metals and compounds, and investigating them thoroughly. It 
has finally been found (truly, every cloud has a silver lining) 
that they possess a tremendous strength close to its theoretical 
limit. 

Whiskers owe their remarkable strength 
ture which is in turn due to their minute size. The smaller a crys- 
tal, the less probable it is that it will contain any flaws, both 
internal and external. Even when highly polished, ordinary 
metals present, when suitably magnified, a surface which looks 
like a well ploughed field. In contrast, the crystalline fibres look 
practically smooth. (No signs of roughness have been found in 
some of them even at a magnification of forty thousand.) From 
a structural point of view, whiskers may well be likened to the 
ordinary cobweb which, in terms of the ratio of strength to weight 
or length, is the best performer among all materials, natural or 


man-made. ie R i ; 

One application for the ‘whiskers (which have now come in 
‘vogue’) is in composite materials or, simply, composites. In 
them the whiskers act as 2 reinforcement which carries the brunt 
of load. An early primitive composite is reinforced concrete 
Which possesses one of the major characteristics of this class of 
materials: The steel rods embedded in the concrete give it more 
strength than the concrete itself. Back in Babylon, builders used 


iis 


to their perfect struc- 
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cane to reinforce adobe houses. In ancient Greece, iron mE o 
used to fortify marble columns in palaces and templos, um bs 
16th century, the Russian architects Barma and Postni be 
stone slabs reinforced with iron bars for their masterpiece, Bas 
the Blissful’s Temple in Moscow, Russia. fie 
Mechanical engineering, instrument-making, aerospace lech 
nology, power generation and other important industries, as we 
know them today, would hardly been able to exist without son 
posites, a new class of high-strength, high-temperature, hig ie 
stiffness materials. As an American authority on the subject 
once noted, composites embody in a new f 


orm a very old and 
simple idea that the joint action of dissimilar materials produces 


an effect equal to that of a new material whose properties 


differ from those of its constituents both qualitatively and 
quantitatively. 


Quite apart from a high ratio o 


resistance to weight or length, composites can be endowed with 
a package of special properties, 


such as the ability to absorb | 
transmit radio waves, to conduct electricity or to be magnetizec 
with ease. This can be achieved by combining dissimilar mate- 
rials, such as metals, alloys, ceramics, polymers, carbides, borides, 
and so on, in such a way that use is made of all the valuable pro- 
perties of the constituents. Reinforcement can be supplied by fine 
metal wires: they are far cheaper to make than lo grow whiskers- 
Again, wires can readily be woven into a kind of cloth or cage. 

As Boris E. Paton believes, there is a bright outlook for multi- 
layer or sandwich composites, Early examples of this class of mate- 
rials are titanium-clad and aluminium-clad steels which have 
many years’ record of service in industry, 

Composites are playing an important role in aerospace tech- 
nology. With them, an airplane or a spacecraft can cut thelr 
weight to a small fraction while gaining plenty in strength. 

Of course, composites i 


are Still in their childhood. But eve" 
lem exceeds p 


f strength, stiffness and heat 


Technology loday need 
outperforming their recen 
would make do with simply stron ced 
à À 8 steels yesterday, they n 
Superstrong alloys today. Light-weight matertals a giving way 
to superlight ones, plastic materials to super lastie, and hart 
materials to superhard. In their search for pe arg dh would 
have the desired mechanical, Bieesical and other properties, wel 
SCLEMMASIS can greatly be Welpea by the computer, Nobody $S 
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pom today al the sight of a computer plotting the course 
ae pum by spacecraft, playing chess, writing verses, or trans- 
^ ing from one language into another. Couldn't the computer 

e used to devise new alloys possessing some unique properties? 

Exactly this task a team of researchers at the Baikov Institute 
of Metallurgy, USSR, set before themselves several years ago. 
The first thing they did was to develop a language in which 
instructions could be written for the computer. Then all the 
necessary data were written into the computer's memory, covering 
about fifteen hundred alloys, and the ‘vital statistics’ on all the 
metals: the electron structure of their atoms, melting points, 
lattice types, and other pertinent information. Thus informed, 
the computer was to predict what hitherto unknown alloys and 
compounds could be produced, to list their key properties and to 
suggest their applications. 

Suppose that this task were to be tackled ‘by hand’, that is, 
by experiment. Then, each metal would have to be repeatedly 
alloyed with different amounts of some other metal chosen from 
some considerations, specimens would have to be prepared from 
the alloys thus produced, and each would have to be put to a host 


of physical and chemical tests. And what if the task weren't to 
ist two metals but those of 


study all likely combinations of ji 

three, four, or five components, since state-of-the-art alloys 
are usually multicom ponent systems? It would take lens or, per- 
haps, hundreds of years to do the job. Again, huge amounts of 
metals many of which are scarce and expensive would be needed 
for the experiments. Chances are that with some rare metals, such 
as rhenium or indium, all that the Earth has in its crust wouldn't 
be enough to meet the experimentors' demand. 

In contrast, the computer works with digils, symbols, and 
equations, and it does its job at a far faster speed, doing millions 
of operations every minute. 

As a result of their pains-taking effort, the team of researchers 
headed by Yevgeny M. Savitsky, a corresponding member of the 


Soviet Academy of Sciences, have been able first to predict, with 
and then to produce many interesting mate- 


1 uter’s aid, 

ae thas of them is an unusually beautiful alloy of palladium 

and indium showing à lilac colour. But what counts more isn't of 

course the colour. More importantly, the new materials have 
The alloy of palladium and tungsten developed 


excellent properties. n and velop 
at the Institute has improved the reliability and service lile 


of many electron device¢ more than twenty-fold. 
o use a computer 1m order io predict 


It would hardly pay to. f T edi 
relatively simple alloys which can readily be obtained by mixing 
a small mumber ob components. But it is really hard to manage 
without a computer where SX comes to multicomponent corpons 
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ys which are to stand up to enormous pressures and HOLT 
ete eh temperatures or which might have area psu dd 
perties. In fact, the computer has already ‘prompted rey abes 
hundred new superconducting com pounds and nearly a thou Per 
alloys possessing special magnetic properties. Also, the compu h 
has named as likely candidates about five thousand se M 
compounds of which just one-fifth is known today. On top of th = 
the machine has tipped off the researchers about the transuraniur 
elements. : m. 
One fact deserves special mention. The computer reported thé 
an alloy of niobium and lead should display min pe pagers a 
Soon the alloy was made in the laboratory although the scientis 


had argued for years that such an alloy could hardly be produced. 
The subsequent tests confirmed the rest of the computer's pre 
diction, 


A good deal of attention is being given to ultra-pure metals 
in which not more than one impurity atom is present for million 
illi ms of the host material. O 
course, purity is not an end in itself, The point is that many metals 
when they are practically free from any impurities behave differ- 
ently from when they carry even the minutest traces of other 
elements. j 

One example is titanium, a Very popular metal nowadays- 
It was quite recently, early in this century, that metal-makers 
pure titanium —it would inevitably carry 

few tenths of one percent—but, as the 

ar is enough to spoil a casi 
itanium brittle, weak, ang 
at the metal was useless ant 
ed when high-purity titanium 
Y d even at subzero temperature, 
it could be rolled on, wire, and even foil. i 

Today titanium is a major materia] of construction, figuring 
prominently in many fields of technology. Nature’s supplies 0 
titanium are truly inexhaustible. but it has to travel a long aní 
circuitous path before it turns from ore to metal. Fortunately, this 
trouble is easy to shoot: the manufacture of titanium is being 
improved all the time, and the time is not far off when it will be 
as cheap as aluminium which was a Serious rival for the noble 
metals in the 19th century, x 

And speaking of aluminium, 
iron in the scale and the number of uses. HighlY 
abundant in nature and possessin 


ance 


, aluminii 
ry, and its field of application 


good for nothing. Ev 
was first produced: it 
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As we can see, iron faces now, towards the end of this century, 
quite a number of competing metals which have gone to work 
only recently. But metals aren't alone in their desire to oust iron: 
as vigilant are other rivals, such as polymers and ceramics, 
which have something to show for themselves in service. Yet, 
iron, despite its obviously ‘pension’ age (over five thousand 
years!), doesn’t seem willing to go off the stage. As Academician 
Fersman wrote, “The future lies with other metals, and iron will 
eventually take up the position of an old, merited, but retired 
material. However, this future is still far away. Until then iron 
will remain the foundation of metallurgy, mechanical engineering, 
railways, shipbuilding, bridges, and transport”. : 
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Some of the Great Names in the History of 
Metallurgy 


Anosov, Pavel Petrovich (1799-1851), a Russian metallurgist. 
Entered the St. Petersburg Mining Corps of Cadets at the age of 
11. Graduated with honours in 1817 and was appointed to a 
minor post at the Zlatoust Crown Works. Promoted to Supervisor 
of the Zlatoust Arms Factory in 1819, to its Superintendent in 
1824, and its Manage i 29. Mining Chief of 
the Zlatoust Works. 7 until his death, Chief of the 


Altai Works. 
Anosov won world renown for his writings 


of iron and his re-discovery of the secret of damas 
Middle Ages. He explained the effect of the chemical composition, 
structure and treatment of steel on its properties. His findings 
formed the basis for the science of quality steels. Anosov summed 
up his studies in his now classical treatise, "On Damaskene” 

1841), immediately translated into German and French. 
Anosov was the first to use the microscope in studies into the 
structure of steel (1831), thus laying the foundation for the micro- 
scopic analysis of metals. He was behind the successful attempts 
P. M. Obuhov) to make cast steel guns in the 


(followed up by *- 
nding member of the Kazan Uni- 


1840s. 
Anosov was elected a correspo 
versity (1844) and an honorary member of the Kharkov University 


(1846). 


on the manufacture 
kene lost in the 


Bardi Pavlovich 4883-1960), a Soviel metallurgist, 
Aet ` (1932), Hero of Socialist 


Fem ber of the USSR erie of a Polytechnic Institut 
ab 194 Graduate rom ne lev oly echnic institu e 
our (1945) A as a worker in 1910-11. Worked at 


in 1910, Stayed in the US í 
Russia’s southern iron and steel works (Yuzovka, Yenakievo, 
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pe: e executives during the construction of the Kuz- 
n ion pag od Works in 1929-1936. From 1937 on, in the 
lop echelon of executives in Soviet ferrous metallurgy. Dientot 
of the Institute of Metallurgy (1939), and of the Central Bero 
Institute of Ferrous Metallurgy (1944), named after him in ae 
Elected Vice President of the USSR Academy of Sciences ir 
1942. " 

a World War II Bardin headed the Academy’s effort 
to tap the resources of the country’s eastern regions for defence 
needs. This won him the State Prize in 1942. In 1949 he was 
awarded a second State Prize for the use of oxygen in the open- 


hearth process. In 1958 he was awarded the Lenin Prize for the 
first continuous steel casting machines. 


Bessemer, Sir Henry (1813-1898), a British civil engineer and 
inventor, elected to the London R 


oyal Society in 1879. Patented 
over a hundred inventions in various fields of technology. Those 
most important were the needle die for postal stamps and the 
word-casting machine in 1838, the sugar cane press in 1849, and 
the centrifugal pump in 1850. While werking on ways and means 
of improving the quality of a heavy artillery shell in 1854, he 
felt the need for a better steel-making process. In 1856 he patented 
a vessel for converting molten pig iron into steel at once by blowing 
a blast of air through the charge while in fusion until everything 
extraneous is expelled and only a definite quantity of carbon 18 
left in combination. This process named after him revolutionized 
the iron and steel industry. In 1860, he patented a converter in 
which air is blown through the bottom and trunnions. He also 
advanced the idea of rolling steel without having to cast it into 
ingots, 


Chernov, Dmitry Konstantinovich 
metallurgist and metal scientist. Graduated from the St. Peters- 
burg Practical Technological Institute in 1858. Worked at the 
Obuhov Steel Works in St. etersburg in 1866-80. Professor of 
metallurgy at the Prince Mihail Artillery Academy from 188! 
until his death. M S 

In 1866-68 he found tha 
depend on the form of hot 
it is given and discov. 
transformations occur i 
stantially change the s 
1879 he came up with a 
steel ingot (notably the 


(1839-1921), a Russian 


t the structure and properties of steel 


mechanical working and heat treatme!” 
ered the critical points at which phase 
n steel on heating and cooling and sub- 
tructure and properties of the metal. I" 
theory explaining the solidification of the 
formation and growth of crystals). Thes? 
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ae other of Chernov's writings did much to transform metallurgy 
rom an art into a science. 


Benak made valuable contribu 
of steel-making and was among the first to stress the advisability 


of using an oxygen-enriched air to blow molten pig iron in the 
converter. He played with the idea of direct reduction of iron ore. 

Chernov is among the fathers of present-day metal science and 
the founder of a major school of Russian metallurgists and metal 


Scientists. 


tions to the converter process 


Cort, Henry (1740-1800), a British metallurgist. Took out a 
patent in 1783 for a mill to roll iron sheets and bars. Improved 
the puddling process in 1784 by hollowing out the bottom of the 
reverberatory furnace so as to contain the molten metal in this 
‘puddle’. Puddling played he development of the 
iron and steel industry in Industrial Revolu- 


lion. 


a great role in t 
Britain during the 


1776), a British metallurgist. Re- 


Huntsman, Benjamin (1704- 
teel-making known 


discovered around 1740 the crucible process of s 
to the ancients in India, Persia, Syria, and elsewhere but later 
lost to civilization. The crucible process produced strong steel 


for side arms, clockwork springs, and instruments. 


(1872-1920), a Russian metal- 
o work at the Alexander ]ron and Steel Works in 
Ekaterinoslav! (now Dniepropetrovsk), then worked at other 
metallurgical plants in southern Russia. Was exiled to Russia's 
northern part for his participation in the 1905 revolution. Came 
back from the exile in 1908 to work as superintendent of the blast- 
furnace shop at the Hughes Iron and Steel Works. Founded a 
school of Russian blast-furnace specialists which contributed much 
to the progress of pig iron manufacture. Went to the Kuznetsk 
Basin in 1917 to head a major iron and steel project. Many of 
Kurako's ideas have been embodied in the Kuznetsk Iron and 


Steel Works. 


Kurako, Mihail Konstantinovich 


lurgist. Went t 


Pierre (1824-1915), a French metallurgist. Graduated 
t his father’s iron and 


ool and went to work a 
hambot. Headed the iron and steel works at 
France) between 4854 and 1883. Came 


ast steel in regenerative furnaces 
f heat regeneration developed 
ns of Germany, Martin used 


Martin, 
from a mining Sch 
steel works at Fourch 
Civray (near Angoulême, £ 
up with a process for making c: 
in 1864. Drawing upon the principle o 
shortly before by Friedrich. Sieme 
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i i ievi tem perature 
t to heat both air and fuel gas, thus achieving a 
sufficient for steel making. Martin’s open-hearth process came to 
be practised widely in the closing quarter of the 19th cen- 
tury. 


Obuhoy, Pavel Matveyevicb (1820-1869), a Russian metallur- 
gist. Graduated from the St. Petersburg Corps of Mining Engineers 
with honours in 1843. Was sent to work in the Urals. Was appoint- 
ed Manager of the Zlatoust Arms Factory in 1854, where he com- 
pleted his improvements of the crucible process. Was granted 
in 1857 the privilege of using his process for the large-scale pro- 
duction of high-quality cast steel. Designed in the late 1850s 
a factory to make steel field guns, which went into operation as 
the Prince Mihail Factory in 1860, This started the use of cast 
steel for gun barrels and was a turning point for Russian artillery- 
Obuhov's steel field gun which had fired over 4000 rounds without 


damage was awarded a gold medal at the World Exhibition in 
London in 1862. Elec 


Pavlov, Mihail Alexandrovich (1863-1958), a Soviet metallur- 
gist; member of the USSR Academy of Sciences (elected in 1932): 
Hero of Socialist Labour (awarded in 1945). Graduated from the 
St. Petersburg Mining Institute in 1885 and took up the post of 
an engineer first at iron and Steel works in the Vyatka Mining 
District, then, between 1896 and 1900, at the Sula Works. Began 
lecturing in 1900 at the Ekaterinoslav] Higher Mining School 
(now the Dniepropetrovsk Mining Institute). Later held the 
Post of professor at the St. Petersburg (now Leningrad) Polytech- 


nic Institute, the Moscow Mining Academy, and the Moscow Steel 
Institute. 

Wrote many fundamental books on the theory and practice 
of the blast-furnace process and other metallurgical matters. 
Editor-in-Chief of the Journal 


«ditor 2 of the Russian Metallurgical Society 
Since its foundation and until his 


ts fo death. Took part in the designing 
of major iron and steel works, blast furnaces, and steel-making 
plant. Awarded the USSR State Prize for his activities in 194 
and 1947. 


Thomas, Sidney Gilchrist (1850-1885), a British metallurgist- 
Educated at Dulwich college. Served as a clerk at the Court 9 
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London and attended evening lectures at the Royal Mining School. 
While looking for ways and means of making steel from high- 
Phosphorus pig iron in the Bessemer converter, he devised (with 
assistance from his cousin Peter Gilchrist) in 1878 what later 
became known as the Thomas-Gilchrist process in England or the 
Thomas process on the continent. Took out several patents covering 
the process between 1877 and 1882. Predicted that the high- 
phosphorus slag from his process could be used as a soil conditioner 


and stimulant to plant growth. 


TO THE READER 


gestions you care to make about our future 


Our address is: 
USSR, 129820, Moscow, 1-110, GSP, 
Pervy Rizhsky Pereulok, 2, Mir Publishers 


S. Venetsky 


Tales About Metals 


For ages have metals been man's faithful servants in his endeavours to 
conquer the elements and penetrate into the secrets of Nature. 

The world of metals is infinitely diverse and fascinating. The history 
of some of its representatives, and among them, copper, iron, lead, mer- 
cury, gold, silver, and tin, dates back thousands of years. Others were disco- 
vered just a few decades ago. The properties of metals are incredibly varied. 
Mercury will not freeze even at below-zero temperatures, while tungsten 
cannot be consumed by the hottest of flames. Lithium could make a fine 
swimmer, being only one half the weight of water and unable to sink no mat- 


ter how hard it would try. Osmium is a heavy-weight champion of metals 
he bottom as fast as a stone. Silver "de- 


and, thrown into water, will hit t om a t : 
lights" in conducting electricity, while titanium has an aversion for this 
pastime: its conductivity is only one three-hundredth of that of silver. 
We come across iron wherever we turn, and holmium is found in the earth's 
crust in such minute quantities that it is fabulously expensive. A grain of 
pure holmium is several hundred times more expensive than gold. But with 
all their differences, metals have one thing in common—they all belong 
to one large family. Venetsky's Tales About Metals describes the fate of 
many metals and their present and ature pepe bed b erba d 
i i i information on the su A a 

Meno give ony Sei sodes, at times romantic or 


h in mind was mostly the amazing episod , 
y d at times tragic, in which the history of metals abounds. 


i i who are ever curious, and not only for youngsters 
Us EE bee he world of science for themselves, those who, 


i j iscovering t e for 
d Ul Weste to School and college, still seize Dac every opportu- 
nity to learn more about everything that surrounds them in life. 


S. Venetsky 


On Rare and Scattered Metals 
Tales about Metals 


As the title suggests, this popular-science book deals with the history 
of discoveries, the properties and uses of the most important rare and scatte- 
red metals. In it the reader will find fascinating information about treasure- 
troves being formed in our day, about a black notebook which witnessed 
a great scientific discovery, about an element which has vanished from 
the face of the earth like the once omnipotent dinosaur, about the role of 
some metals in criminalistics. The author hopes this book will be enjoyed 


by lay readers and specialists alike, by all who are interested in the history 
of metallurgy, chemistry, and the science of materials. 


“Metallurgy in the 20th century 
bases itself on the latest advances 
in physics, chemistry, and physical 
chemistry. In turn, there are many 
spin-offs from metal-making: 
progress in these and, indeed, 
any other sciences would have 
been impossible without the 
various materials possessing a broad 
gamut of truly amazing properties, 
and these materiais come from 
metallurgy, one of the most 
ancient, the most advanced, and 
the most promising of man's 


arts." 
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